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(54) PROCESS FOR PRODUCING HMG-CdA REDUCTASE INHIBITOR 



(57) : the. present invention relates to a protein de- 
i'ivedfrbm a microorganism iDeiohging to the genus Ba- 
cHlus, whibh has ah activity, of hydroxy latirig a compound 
represented by the fpnmula (l-a): ; 




whereiri R"* represent^ a hydrogen atom, a substituted 
or unsubstituted alkyi, or ah alkali metal; and R2 rejDre- 
sents a substituted or unsubstituted alkyI or a substitut- 
ed or unsubstituted ary I, 
or a ring-closed lactone form thereof; 
a DNA encoding said protein; and a reconhbinant DNA.^ 
:comprising said DNA. 
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Description " 

Technical Field 

[Obbi] the present invention relates to a DNA which is related to the production of a compound which inhibits hy^ 
droxymethylglutaryl CoA{HMG-CoA) reductase and- has an action of reducing serunn cholesterol, and a process for 
producing said compound using the DNA. 

Background Art ■ ■ 

[0002] A compound represented by the forrnula (VU^^ 



15 



20 




(Vl-a) 



■25 wherein R'' represents a hydrbgeh^tom, a substituted or ;unsubjstituted alkyli oi- ah alkali metal; or ■ 

a lactone fpmn of ■ compound (VI -a) repiresented by the fomnula (Vl-b) (hereinafter referred to as compound (Vl-b)): 



30 



35:. 




(Vl-b) 



40 



45 



is knowri to inhibit HMG-CpA reductase action of reducing serum cholesterol [The Journat of An^biotids, 

29,' I346;(t976)): :'-Mr-''.' ■■ -^^ ■ ■ ■■: ■ 

[0003J' There have been.several reports regarding niethods for producing compound (Vl-a) orcompburid (Vl-b) from 
a compound represented by the fomnula (V-a) (hereinafter reiferred to as compound (V-a)): 



50 



55 



R'OOC 




(V^a) 



wherein R'' has the sanie definition as the aboye; or from the lactone fonn of compound (V-a) represented by the 



2 



1 



10 



40 



45 



50 



55 



■■■■;iP1.148:i22:Atf 
formula (V^b) {hereinafter referrisd to as compduhd '(V-b): . 



(V-b) 



^5 ..using a microorganism/ v-^ * \ 

;■; [0004] Specif icaliy, Japanese Patent Application Laicf-Open (kokaij No.: 5^ describeis a method which uses 

filanientous fungi; both Japanese Patent Application Lai d-Open (Icokaij: No- 7t18467P and International Publication 
WO^6/40863 descrilDe a rnethod which uses Actindmycetes; and Japanese Patent Nb; 2672551 describes a method 
which uses recombinant >lcf/nomycefes. As is weil known, however, since filamentous fungi and Actinomycetes grow 
: 20 with filartientaous fb^ 

) [0005] This often causes a shortage of oxygen in the culture, ?nd since the culture becomes heterogeneous, reaction 
efficiency tends to be reduced. In order to resolve this oxygen shortage and maintain homogenousness of the culture, 
the agitation rate of the fernnehtor shoutd be raised, but by raising the agitation rate, hyphae are sheared and, as a 
result, activity of the naicrborganisms tends to decrease (Basic Fentiehtation Engineering (Hakko Kogaku no KisoVp. 
25 i69-t90, P.F. Stansbury, A. Whitaker; Japan Sci^^^^ 

Disclosure of the Invention - • 

[0006] The object bi t h^^ in vention is -to provide a DN A encoding a novel, hydroxy iase, and ah industrially 

■ 30 advantageous method for producing a compound which inhibits HMG-CoA reductase and ii^s ah action of reducing 
. ■ . the level^^^ 

. : [OOOzjX The present inventors considered that, if the hydroxylation of compound (l-a) or compound (l-b) could be 
carried out with a microorganism forming no hyphae, inconvenience such as the decrease of reaction efficiency due 
• to the heterogeneity of the culture caused:by hyphae fbmnation could be avoided, and that this would be industrially 
35 advantageous. Thus, as a result bf intensive studies, the present ihventoi^ have. accbnrip lis hed the present invention. . 

■ [0008] Thus, the present invention relates to the fpliowing (1) to (39): 
&i [0009] IHereinafter, in the formulas, RVrepresents a hydrogen atom 

irietal, and R2 represents a substituted or unsubstituted alkyl, or a substituted or unsubstituted ary I, unless othenwise 
specified. 



(1) Aprotein which isderiyed frohia microorganism belonging to the genus 8ac///L/s, and has an activity of producing 
cbrhpound (ll-a) brcbmppund^ 
wherein the conipound (l-ayis a(xjm^ 



R^OOC 




3 
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■ the compound (l-b) is ia lactone form of compound. (i-a) and is represented by the formLiia (l-b); 



10 




a-b) 



15 



the compound (ll-a) [s a compound represented by the fomriula (ll-a): 



20 



25 



rooc 




(Il-a) 



30 



the compound (il-b) is a lactone fomri of compound (ll-a) and is represented by the fpmiula (ll-b): 



35 



40 




ai-b) 



45 



50.. 



(2) A protein which is derived from a microorganism beiohgihg to the genus Bacillus, and has an.activity pf producing 
conripound (IV-a) or conippurid (IV-b) from compound (lil-a) or compourid 
wherein the compound:(l!Ka) is a compound re^ 



55 



4 




:;; ;.: the compound (jV-b) is a lactone: form of compound (IV-a) and is represented by the fornriula (IV-b): 




(3) A protein which is deriyed f rpm a microorganism belonging to the genus fi!ac///tis/and has an activity of producing 
compound (Vlra) or compound (Vi-b) from cbmpouh : 



5 




.;EP:t:l48l22 Ai^^;"';^^^^^ 

wherein the compound (V-a) is a compound represented by the fomnula (V-a): 



5 
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compound ; (VI I l-a) or compound (VII!-b) from compound (Vll-a) or compound (Vlhb),^ 
: wherein the compound (Vll-a);is a compound represented by the formula (VI I -a): 



10 




(Vll-a) 



15 



the compound (Vll-bj is a lactone form of compound (Vll-a) and is represented by thefomnuia (Vll-b): 



20 



25 




(Vll-b) 



30 ■ the compound (Vlli-a) is a. compound represented by the. formula (Vlll-a): 



55 



40 




(VIH-a) 



45 



; and ■: ■.. v V: /^ ..V^■./ 'vivr^^':^^^^ J • ■ 

the compound (Vlll-b) is a lactone fbnri of compound (Vlll-a) and is repreisented by the formula (Vtll-b): 



50 



55 




(Ylll-b) 
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(5) The protein according to any one of (1 ) to (4) above, wherein the microorganisnri belonging to the genus Bacillus 
/s a microorganism selected from B. subtilis, B, megaterium, B. taterosporus, B. sphaericus, B, pumilus, B. stearo- 
thermophiluSr B. cereus, B badius, B. hrevis, B, alyei, B. circufans an^ B. macerans.j{ : 

: : (6) The protein according to any one of (1 ) to (5) above/ wherein the microorganisnri belonging to the genus Bacillus 
:;; is a microorganism selected frbm B. subWisAJCC605i, B. megaterium PjCC\077S,.B, megateriu^ 

B. megaterium fiC^CC^3402,B, megaterium fi^ 
- \ a megaterium lAM1032/B;:/aterospo/usATCC451:7/a pum//usFERM BP-2d64, B. fiad/i/s ATCC14574, a brevis 

NRRL B-8029, a a/ve/ ATeC6344, a c/rcu/ans NTGT^2610, and B. m&cerans NGIMB-9368. 

. (7) The protein according to any one of (1 ) to (5) above/wherein the microorganism belonging to the genus Bacillus 
is a microprganism selected from Bacillus sp, PERM BP-6b29 or Bacillus sp, PERM BP-6b3p. : 

(8) A protein having the amino acid sequence shown by SEQ ID NO: 1 

(9) A protein which has an amino acid sequence comprising deletion, substitution or addition of one or more amino 
■ acids in the amino acid sequence shown by SEQ ID NO: IV and has an activity of producing conipound (ll-a) or 

compound (ll-b) from compound (I-a) or compound (i-b). 

(1 0) The protein according to (9) above, wherein the protein has the amino acid sequence shown by SEQ ID NO: 

.■■::;--42or45.- ■■■■ ■ ■ 7-; : 

: :(^ the protein according to; (9) above, wherein tlie compound (I-a) is compound {lll-a), the conripound (I-b) is 
compound (lll-b), the compound (ll-a) is compound (IV-a)^ and the compound (li b) is conipbund (iV-b)^ 

;('12j;The;protein according tb^^(^^ wherein the compound (i-a) is compound (V^a), the cohipouhd (I^b) is 

compound (V-b), the compound (I I-a) is compound (Vl-a), and the compound (il-b) is compound (Vi-b). 

(13) the protein according to (9) above, wherein the compound (I-a) is compound (Vll-a), thecompouhd (I-b) is 
, compound (Vl|-b), the compound (ll-a) is conipound (VII I-a), and the compound (ll-bj .is cornpound (Vlll-b). 

(14) An isolated DNA having the nucleotide sequence shown by SEQ ID Nd: 2. 

: ; (15) An isolated DNA which hybridizes with the DNA according .to (14) above under stringent conditions, and 
: encodes a protein . having an abtivity of producing coriripbund. (lira) or compound (ll-b) from conripouhd (I-a) or: ; 
.■" conripound" (i-b). 

. (16) the DNA according to. (15) above, wherein the DNA has a nuclebtide sequence selected frbrri the group . 
. consisting of the nucleotide sequences shown by SEQ ID NOS: 41, 43 and 44. ■ 

(17) An isolated DNA encoding the protein according to any one of (1) to (12) above;: : I : 

(18) The DNA according to (15) above, wherein the compound (I-a) is compound (lll-a), the compouhd (I-b) is 
conripound (lll-b), the compound (ll-a) is compound (IV-a), and the compound (ll-b) is compouri 

(19) The DNA according to (15) above, whbrein the compound (Ira): is cpmpound (V-a), the compound (I-b) is 
: < conipbuhd (V-b), the compound (ll-a) is compound (Vl-a)i arid the; cbmpound ,{ll-bj Is compound (VIrb). 

iy .-(20) the DNA according to (15) above, wherein the cohnpouhd (Ka) is compound (Vll-a),: the compound (I-b). is 
conripound (Vil-b), the compound (ll-a) is compound (VI I I-a), and the compound (ll-b) is cornpound (Vlll-b). 

(21) A recombinant DNA vector comprising the DNA according to any one of (14) to (20) above. '/ 

(22) A transfomriant obtained by Introducing the recombinant DNA vector according to (21 ) above into a host cell. 

(23) the transforrnant according to (22) above, wherein the transfonriarit belongs to a microorganism selected 
from the genera E£fc/jer/c(3/a, Ba^^^^ 
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(24) The transformant according to (22) or (23) above, wherein the transfomnant belongs to microorganism selected : 
from Escherichia coii, Baciilus subtilis, Bacillus megateriumy Coryne glutamicum, Corynebacterium am- 
mdniagenes, Corynebacterium calluhae and S^^ 

(25) A process for producing connpound (lira), or compound (I l-b), wherein the transfonrriant according to any one 
of (22) to (24) above, a culture of the transformant, or a treated product of the culture Is used as an enzyme source, 
and the process conriprises: 

allowing compound (l^a) or conipound (|-b) to exist in an aqueous rtiediunri; 
, , allowtng;Cbmpouhd {\\-a) or compound (It-jp) to be produced and accunnulated in said aqueous medium; and 
collectingcompound (ll-a) or compound (llrb) from said aqueous medium. 

(26) A process for producing compound (I V-a) or compound (IV-b), wherein the transformant according to any one 
of (22) to (24) above, a culture of the transformant, or a treated product of the culture is used as an enzyme source, , 
and the process cornprises: v , ^ 

allowing compound (lll-a) or compound (lll-b) to exist in an aqueous medium; 

allowing compound (I V-a) or compound (IV-b) to be produced and accumulated in said aqueous medium; and 
collecting compound (I V-a) or compound (IV-b) from said aqueous medium; 

(27) A process for produdirig compound (Vl-a) or compound (Vhla),, wherein the transformant accprt 

of (22) to (24) above, a culture of the transfomnant, or a treeited product of the culture is used as an enzyme source, 
and the process comprises: 

allowing compound (V-a) or compound (V-b) to exist in an aqueous medium; 
- allowing compound (VI -a) orcbmpound (VI-b) to be produced and accumulated in said aqueous.medium; arid : 
collecting compound (Vl-a) or compound' (Vl-b) from said aqueous medium. 

(28) A process for producing compound (V|ll-a) or cqmpouhd (Vlll-b), whei'ein the transformant according to any 
one of (22) to (24). above, a culture of the. trBhsfomriant, 6r a treated jafodubt of the culture is used ks ah enzyme 

:: ^source, and the 

: . ■ ^^^^^^^^^ compound (Vll-a) or compound (Vll-b).to exist in an aquepus medium; 

^^.v • ■ a^ (Vlll-a) or cbmjDound (Vill-b) to be produced and accumulated in said aqueous medium; 

'.:;,;;;and ' : ' • ■ 

. : :Coilectihg com compound (Vjll-b) from said aiquelous mefdjum. 

(29) The process according to (25) a^ wherein the connpound (ll-b) is the compound (ll-b) obtained by fdrmirig ' 
a lacton fronn compound (ii-a). : ^ : . 

(30) The process according to (25) aboye, wherein the compound (INa) is the compound (ll-a) obtained by opening . . 
the lactone ririg of compound (ll-b). : ■' ' 

(31 ) The process according to (26) above, wherein the compou nd (IV-b) is the compound (IV-b) obtained by forming 
a lacton from compound (i V-a). 

(32) The process according to (26) aboye, wherein the compound (I V-a) is thecompound (IV-a) obtained by opening . 
.the lactone ring of conijDbund (I V-b). 

(33) The process according to (27) above, wherein the compound (Vl-b) is the connpound (Vl-b) obtained by fomning 
:ala^ 

y ^ {3A) The process accoi'ding to .(27) above, wherein the compound (Vl^a) is the compound (Vl-a) obtained by operi- 
V ing the lactone ring of compound (VUb). 

(35) The process according to (28) above, wherein the compound (Vlll-b) is the connpound (VI I l-h) obtained by 
fonriing a lacton from compound (V 
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(36) The process according to (28) above, wherein the cornpouhd:(Vlllra) is the compound (Vill-a) obtalned by 
opening the lactone ring of connpound (Vlll-b)/ . : 

(37) The process according to any one of (25) to (28) above, wherein the treated product of the cuiture of the 
transformant is a treated product selected from cultured cells; treated products such as dried cells/ freeze-drieid ; 
cells, cells treated with a surfactant, ce\\s treated vyith ap enzyme, cells treated by ultrasoriication, cells treated by ; 
mechanical miiling, cells treated by solvent; a protein fraction of a cell; and: aa immobilized products of cells or 
treated cells; 

(38) A jDrpcess for, producing a pi'oteiri, which cortiprises cultuiing the trahsforrnant according to any one of (22) 
to (24) above in a medium; producing and accunnu latin g the protein according to any one of (1) to (12) above in 
the culture; and collecting said protein frorn said culture. 

(39) An oligonucleotide corresponding to asequence consisting of 5 to 60 continuous nucleotides in a nucleotide 
sequence selected frohi the group consisting of the nucleotide sequehces shown by SEQ ID NOS: 2, 41 , 43 and : 
44; or an bligonudeotide cpn-esponding to a complementary sequence to said oligonucleotide. 

[0010] The jDresent invention will be described in detail below. 

1 . Obtaining of yj IB gene 

[0011] The DNA of the present invention can be obtained by PCi^ rriethod [Science, 230 , 1350 (1985)] using the 
genome nucleotide sequence ihfonnation of a chromosome of Bacillus subtilis which has already been determined 
;.[http://www. pasteur.fr/Bio/SubtiList.htmI] and the information on Badllus subtilis y\\B gene deduced from said genorine 
nucleotide sequence. 

[0012] Specif icalty, the DNA of the present invention can be obtalned by the following method. 

[0013] Bacillus subplis (e.g.; S. su£)r///sATGC 15563) is cultured by a usual manner in a mediuhi suitable tor Bacillus 

subtilis, e^g. LB liquid medium [containing Bacto Trypton (produced by Difco) l Og/yiBast extract (produced by Difco) 

: 6g, ;and .NaCl 5g in 1L of water; and adjusted to pH 7.2]. After culturing,vthe cell^ are collected from the culture by 

^ cehtrifugation. ' ;^ 

[0014] . : A chrohiosomal DNA is isolated from the collected cells by a known method. (e.g.; Molecular Cloning 2n*^ ed). : 
[0015] - Using the nucleotide sequence infonriatipn shown by SEQ ID N0:2, sense and antisense primers containing, 
^nucleotide sequences con-eisponding to the DNA region encoding a protein of the present invention are syhthesized: : 
with a DNA synthesizer " 

[0016] ■ After ampiification by PGR, in order to enable introduction of said amplified: DNA fragments into a plasnhid, it > 
is preferred , that ah kppropriate restriction site such as BamHl, Eco RI or the Ijke: is added at 5' end of the sense arid : 
antisense primers^ ■ ■ ; 

[001 7] Examples of cbnnbinations-of said serise and antjsehse primers include combihatibii of DNAs having nucle- 
f Otlde sequences shown by SEQ lb N^ 

[0018] Using chromosomai DNA as a tempiate, PGR is pierfomied with these primers, TaKaRa LA-PCR'^m Kit Ver. 2 
(TaKaRa), Expiandt^ High- Fidelity PGR System (Boehrihger Mannheim) drthe like by a DNA Thermal Cycler (Perkin- 
' E\mef'Japar()/.'[:'y:i^'^^-^: ■^['^ . ■'■ ; '■" ' " ' ■" " '.'''•'''' ':'''[■'" 

[0019] . When PGR is performed, fbr exanriple, the following , method cari be cahied dut. In the case where the above 
primer Is a DNA fragment of 2kb or less, each cycle consists of reaction steps of 30 seconds at 94'*C, 30 seconds to 
1 minute at 55**C, and 2 minutes at 72*C. In . the case where the above primer Is a DNA fragment of more than 2kb, : 
each cycle consists of reaction steps of 20 seconds at 98®C and 3 minutes at 68° C; In any case,. PGR is performed 
under conditions where the 30 cycles are repeated, and theri reaction is carried out for 7 minutes at 72*G. 
[0020] the amplified DNA fragments are cut at the sanrie restriction site as the site which lis fonned using the above i 
prirhers, and then the DNA fragments are fractibried and recovered by a hriethdd such as agarose gel electrophoresiSi ; 
sucrose density gradient ultraceritrifugeUiph and the. 

[0021] Using the recovered DNA fragrnents, a cloning yectpr is produced by a usual method such as methods, de-: 
scribed in Molecular Cloning 2"fed., Current Protocols In Molecular Biology, Supplennent 1-38, John Wiley &.Sons 
(1987-1 997). (abbreviated as Curreht Protocols in Molecular Biology, Sijpplenhent hereinafter), DNA Cloning 1: Core 
techniques, A Practical Approach, Second Edition, Oxford Univereity Press (1995), or by using acomnrierclally available 
kit such. as Superscript Plasmid System. for cDNA Synthesis and Plasmid Cloning (produced by Life Technologies), 
ZAP-cbNA Synthesis Kit; (pr^^^^ by Stratagene), etc., then the thus-produced cloning vector js used to transfonrn ' 
Escherichia cqli, e.^^^^ 

[0022] Exaniples of a cloning vector foi- the trBnsforitiation of E. coli include a phage vector and plasmid vector 
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; insorfar as it is capable of self-replicating in £co//K12;strBin. An expression .vectorfor E co// can also be useid as a 
'cloning vector. Specifically, examples thereof include ZAP Express tprpduced by Stratagene, "Strategies, 5, 58 (1 992)], : 
' pBluescript 11 SK(+) [Nucleic Acids Research, 17, 9494.(1989)], Lambda ZAP II (produced by Stratagene), A. gtlCI, 
vX^^ Cloning, A Practical Approach, t, 49 (1985)], A. Trip! Ex (produced by Clbnetech), X ExCell (produced by 

: 5:;; PhanTiacia),; pl7T31 8U; (prod by Pharmacia), pcD2 [H.Okayama and RBerg ; IVIpL Cell. Biol., 3, 280. (1 983)], 
plVIW218.{prpducy;by Chemical Industries), pUC 11 8, pSTV28 (produced by takara), pEG4pb [J. Bac., 

£72^2392X1990)], pHMV152^^^^^ etc. :^ 

[0023] A plasm id containing a desired DN A can be obtained from the obtained transformed strain by usual methods 
described in e.g: M6lepuiar;Gloning 2"^ edition, Current Protocols in Molecular Biology Supplement, DNA Cloning 1 : 
■ iff? Cpi;e Techniques, A, Practical Appro Second Edition, and Oxipfd University Press (1995).,etc, ■ 
; [0024] ysing:the aforementioned method, a plasmidcontainh 
of producing compound Ol-a) or compound (ll-b)frohricompound;0 . 
[0025] Exannpies of the plasmids include the below-mentioned p 
[0026] Apart from the aforemehtiohed nriethod, a plasmid containing a DNA 
15 : reaction of producingcompound (il-a):or compound (ll-b) from cohripound ; 

■ by a rrietriod wherein a chromosomal library of Bacillus subtilis, is prepared with 'a sultabie vector using E. co// as a \ = 
host, and the activity of prpducing compound (ll-a) or compound (l!-b) from compound (l-a) or compound (I-bj is meas- 

: iired oh each strain of this library. . 
[00271 The nucleotide sequence of the above-obtained gene can be used to obtain homologues of the DNA froni 

20 other prbkaryotes or plants In the sanne nrianher as mentioned above. 

[0028] The DNA and DNA fragment of the present invention obtained in the above method can be used to prepare ■ 
oligonucleotides such as antisense oligonucleotides, sense oligonucleotides etc. having a partial sequence of the DNA 
' . of the present invention or such oligonucleotides containing RNAs. Alternatively, based on. the sequence Infonnation 
of the aboverobtained DNA. thesei;;© 

25 [0029] Exartiples of the oligonucteotides include a DNA having the same sequence as a contiguous 5 to 60 nucle- 
otides in the nucieoti de sequence of the above DNA, or a DNA having a corripiementary sequence to said DNA; RNAs - 
having complementary sequences to these DNAs are also oiigpnucleotides of the present invention, 
[0030] Exannples of said oligonucleotides include a DNA having the same sequence as a contiguous 5 to 60 hucle- 
otldes sequence in the nucleotide sequerice^ shown by SEQ ID N0S:2, 41 , ^ 

30 ./: sequence to siaid DN A. If these are used as sense and antisense primers, the afbrenrientioned oligonucleotides without 

■ ; :; -extreme difference in melting temperatures (Tm) and numbers of bases are preferably used!- Specifically, examples . 
v"^ 4 ■ bligpnucleotidek having a nucleotide sequence showri by SE<Q ID NQS: 3 to 39. 

[00311 Furthemriore.iderivatives of these oligonucleotides (referred to as oligonucleotide derivative hereinafter) can' 

;35\ ;[0032]: ; Oligonucleotide derivatives include a pi igb nucleotide derivative whose phosphate diester iinkagis is replaced . .. 
by a phbsphbrothlbate linkagej an oiigo nucleotide derivative whoise phosphate diester linkage is replaced by a N3't ■ 
P5' phosphoamidate linkage, an oligonucleotide derivative whose ribose and phosphate diester linkage is replaced by. 
[J ■ : ■ / peptide-nucleic acid linkage^ an oligonucleotide derivative whose uracil is replaced by C-5 propiriyl uracil, an oligp^. ■ y 
: nucleotide derivative whose u^ uracii, an oligonudebtide derivative whose cytosine is^ ; ■ 

40 Teplaced by C-5 propinyl cytosine,' an oligonucleotide deilvative whose cytosine is replaced by phenoxazine^mbdified 

cytosine, an ipjigonucieotide derivative whose ribose is replaced by 2'rO-propyl ribose, or an oligonucleotide derivative . ; 

■ whose, ribose is replaced By 2'-meth oxy-ethoxyriboise. etc: [Saibo Kogakii , 1 6 , ' 1 463 ( i 997) .] 

. IL l\/iethod for producing a protein which catialyzes a reaction of producing compound (il-a) or compound (ll-b) from 
. 45 compound (l^a) or compound (l-b) 

[0033] Iri ordei' to express the above-obtained DNA in a host cell, the desired DNA fragment is cut into a fragment , 
of suitable length containing said gene using restriction enzymes or DNase enzymes, followed by inserting 
into a-site dbwhstreahi of a prbhripter in an expression vector, and then the expression vector is introduced into host. 
: 5a cells su 

[0034] The' host cells may be any of bacteria, yeasts, animal cells, insect cells br the like insofar as they can express 

; the pbjective. gene. '■ 
[0035] As an expression vector, a vector capable of being autonomously replicated iri a host cell or capable of being 
integrated into a chrbnaosome, and containing a promoter at a site suitable for transcription of the above objective 
■ 55 . gene, is used. 

.: [0036] When prokaryotes such as bacteria are used as the host celj, the expression vector fpr expressing the above 
; DNA is preferably a vector autpnornbusly replicable in said cell and is a recohrib Inapt vector composed of a pronioter, ; 
:a .ribosbme-bihding sequence, the above DNA and a transcription temnination sequence. A gene for regulating the 
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; promoter may be contained. 
[0037] The expression vectors include pBTrp2, pBTad ; pBTac2 (all of wtiich arc commercially available from Boer 
: hringer Mannheim), pKK233-2 (produced by Pharmacia), pSE28p (produced by Invitrogeii), pGEMEX-1 (produced by 
: Promega), pQE-8 (produced by QIAGEN), pQE-30 (produced by Q I AG EN), pKYPIO (Japanese Patent Appllcatiori 
5 Laid-open No. 58^110600), pkYP26o [Agriculturar Biological Chemistry, 48. 669 (1984)j, pLSAI [Agric. Biol. Chem., 
; • . 53, 277 (1989)], pGELt [Proc. Natl, Acad. Scl... USA, 82, 4306 (1985)], pBluescHpttl SK(+), pBluescriptil .SK(-) (pro- . 
■■ duced by Stratagene), ptrS30 (PERM BP75407)i pTrS32 (PERM BPr5408), pGEX (produced by Pharmacia), pEt^3 
: (produced by Novageh)ipTen7i2(U^^^ 
[gene, 33. 1 03 (1 985)]; pUCI 9 [Gene; 33, 1 03 (1 985)], pSTV28 (produced by Takara), pSTy29.(produced by Takara), ■ . 
. <>o pUCIIB (produced by Takara), pPA^^^^^^^ 63-233798)fpEG400iJ. Bacteriql, . 

172,2392(19^0)], pQ.E-30 (produced by ,QJAGEN),PHY300 (produced by Takara), pHW 1520 (produced by Mo Bijec), 

, etc^ ■/■\-;\\;^v-^-:-::^v-.--"': V^-A": .. :■ ■. ■ _ ■' V-:-. ■■ : . 

[0038] The promoter may be any one insofar as it can be expressed in a host cell. Exampfes are promoters derived 
f i-om E.coH, phage etc., such as trp promoter (Ptrp), lac promoter (Plac), PL promoter, PR promoter and PSE promoter, 
: 15 \. and SP01 prompter, 3 PO? promoter, pen P prohrtoter and the like. Artificially designed and modified pronidtef^ 

a Ptrgx2 promoter having two Ptrg promoters in tandem, tec promoter, let! prompter, and Iact7:pr6mpter can also be . : 
used. Furthemiore, xylA promoter for expression in Sac///t/s bacteria or P54-6 promoter for expresisibri in Co/y/iebac- 
fer/a/n bacteria can also be used. 

[0039] Anyribosomebindingsequencesmaybeusedinsofarastheycan wdricinahostcell, andaplasmidinwh^^ 
20 the distance between a Shine-Daigarno sequence and an initiation codoh is adjusted to an appropriate distance (for 
examplej 6 to 18 bases) may be preferably used. 

[0040] For efficient transcription and translation, a proteiri which catalyzes the reaction of producihg compound (It- 
a) or compound (ll-b) from compound (l-a) or conipound (l-b) wherein the N -terminus or a part thereof is deleted may 
be fused to the N-temilnus part of d protein. encoded by the expression vector, and the thus-obtained fused protein 

25 : m 

[0041] '■■ Although a transcription tentiination sequence is hot necessarily required for expression of the desired DNA, v 
jt is preferred to locate the transcription termination sequence just dbwnstrcani fronri the istructura! gerie; . : 
[0042] Examples of prokaryotes include microorganisms belonging to: the genus Esc/ien'c^^^ Corynebacterium. 
Breyibactenum, Bacillus, Micrdbacten^ Serrap'a, PseudompnaSrAgr^^ Anabaena, Ana-j 

;-.30 cystis, Arthrobacter, Azdtobacter, Chrqmatium, Erwinia, Methylobacteriumr Phdrhiidium, Rhodqbacter, Rhodopseu- 
domonas, Rhoddspirillum, Streptdmyces, Synechococcus, and Zymomonas, preferably £schenc/j/a, Cdiynebacteri- 
um/ Brevibacterium, Bacillus, PseudomonaSy Agrobactehum, Alicyciobacillus, Anabaena, Anacystis, Arthrobacter, 
Azotobdcter, Chrdmatium, Erwinia, Me 
lum, StreptomyceSi Synechococcus, and 
; 35 [0043] SpiBcif ic examples of the micrporg an isms i ncl u de Escherichia coli X LI -B lue, Escherichia coil XL2-BI u e, ; Esr , 
cherichla coliDMiEscheHchia colibHS EscherichiacoiiUO^ 000, Escherichia coli\<y3276, Es6henchia^^^^ 
Escherichia coli M^6i^:Escherichla coli HBi 01, Escherichia coll Ho A9, Escherichia coll \N2^U0, Eschef-ichia coll 
NY49\ Escherichia coll MP347, Eschenc^^ Bacillus . 

sp. PERM BP-6030, Bacillus amylollquefaclneSr Brevibacterlum arnrprnqniageriesyBrevibacteriurri imm 
■■' 40: AtGG14068, Brevibacteriurr} saccharol^icurnPK^CO\AQm, Brevibacterlum //avii/nATGC 14067; Brevibac^rium lacto- 
. fe/menfum ATCGI 3869i Cdrynebacterium glutamicum ATCG1 3032, Corynebacterium giutarnicum ATGG1 4297,; Co- ; 
: . , rynebacteriuni acetoaclddphilum ATCC13876, Corynebacterium c«//unae ATCG 15991 , Micrdbacterium ammbnk ; 
: ap/7//u/nAtGC15354, Seiratia ficaria, Serratfa fonticola, Serratia liquefaciens, Senatia marcescens^Pseuiiorhonassp. . 
D-d110, Agrobacterium radiobacter, Agrobacterium rhizogenes; Agrobacterium rubl, Anabaena cylindrical, Ariabaeha 
45 ddiloium, Ariabaeha flos-aquae, Arthrobacter aurescens, Arthrobacter citreus; Arthrobacter globformis, Arthrobacter. 
hydrpcarbpglutamlcus, Arthrobacter mysorens, Arthrobacter nicoiianae; ArthrobacterparaffmeuSi Arthrobacter protd- 
phprmlae, Arthrobacter rosedparafflnus, Arthrobacter sutfurous, Arthrobacter ureafaclens- Chromatlum buderi, Chror 
matium tepidum, Chrqmatiurnylnosurh, Chromatlum warmingii, Chromatlum fluviatile; Erwinia uredovora, Erwinia caror 
; tovqrai, Enyinia ananas, En/i/ihia herbicota/ EnM'nia punctata, E terreus, Methylobacterium rhqdesianum, Methyi 
':, -50 Idbacteriurfi -extorquens, Phorrriidium sp. /KTCC29409; Rhocfobactercaps^^ 

seudomdnas blastlca, Rhodopseud6mbnas marina, Rhoddpseudornonas palustris, Rhddospirilluni rubrutfi, Rhddqs- 
piriilum saiexigens, Rhodosplrillum saHnarum,.Streptomyces ambofaciens, Streptomyces aureofaciens, Streptomyces 
. aureus, Streptomyces fung^^^^ 

Streptomyces qilvdgriseus, Streptom^ Streptoniyces tahashlensis, Streptomyces vinaceus^ and Zy-. 

55 mqrhonas niobilisjy ■■ 

[0044] . The irnethod for introducing the recombinant vector may be any riiethod for.introducing DNA into the host cells 
: described above. For exanriples, hriention can be made of a method using calcium ions [Proc. Natl. Acad. Sci. USA, 
69, 2110 {i?72)L a protoplast method (Japanese: Patent Application Lai d-Open ko. 63-248394), an electroporation 



method, a method described in Gene, 17, 107 '(^ ^ 

[0045] If yeasts are used as the hostcell, expression vectors such as YEp 13 (ATCC37i1^ 
YCpSO (ATCC3741 9); pHSI 9. and pHSI 5 can be exemplified;. 

[0046] Any promoter can be used insofar as they can be expresised in ye^^^ Foi' example, mention can be made 
5 of pi^omoters such as PH05 prohnbterj PGK promoter, GAP promoter, ADH promoter, ga! 1 promoter,- gal io pronioter, 
heat shock protein prompter, MFal promoter, and CUP 1 promoter. 

[0047] Examples of host eel |s include Saccharqmyces cerevisiae, Schizqsaccharpmyces pombe, Kluyveromyces 
lactis, Trichosppron pullulans; and Schwannidmyces alluvius. 

[0048] The method for introducing a recombinant vector may be any method for introducing DNA into yeast, and 
10 examples include, an electrop 6 ration, method Ehzympl., 194, 182 (1990)], a speropiast method [Proc.,NatI. 

Acad.Sci. USA, 75, 1929 (1978)], a.lithium acetate method [J. BactisrioL, 153, 1 63 (1 983)] and a nriethod describe in 
• . Proc. NatL Acad. ScL USA. 75, 1929(1978). 
^ [0049] If animal cells are used as the host cells, expression vectors such as pcDNAI, pcDM8 (commercially available . 
from Fuhakoshii), pAGE107 (Japanese Patent Application LaidTOpen No. 3-22979; Cytbtechnoiogy, 3, 133 (1990)), 
: : 75 PAS3-3 (Japanese Patent Application Laid-Qpen NO; 2-227075)i pCDMS [Nature. 329, 840 (1 987)1. pcDNAI/Arnp (In- : 
vitrogen), pREP4 (Invitrogen); pAGE103 [J.'Biochem.;10^ 

[0050] The promoter to be used may be any promoter which, can be expressed in aninrial ceils. Examples are a 
jDromotei- for IE (imnnediate early) gene of cytomegalovirus (human CMV), SV40 early promoter, retrovirus promoter, 
metallothionein promoter, heat shock promoter, Sr a promoter and the like. Furthemnore, an enhancer of the IE gene 
2a of human CViV hriay be used together with a promoter. 

. ,[0051] Examples of animal cells include Namalwa cell, HBt5637 (Japan 
y ; 63^299), C0S1 cell, C0S7cell,^C^ ^ 

[6652] The hnethbd for introducing a recombinant vector into animal cells may be any hnethod for introducing DNA 
into anihial cells. Exariiples of such methods include an electi'op oration method [Cytotechhology, 3, ,133 (1990)], a 
25 ■ c phosphate method (Japanese Patent Application Laid-Open No. 2-227075), a iipofectibn nnethod [Proc. Natl. 
AcadiiSci., USA, 84, 7413 (1987)1, aniethod described In Virology, 52. 456 (1973), and the like. Obtaining and cuituring : ■ 
: . of the transfonnant can be conducted according to methods described in Japanese Patent Application Laid-Open No. ' 
2-227075 or Japanese Patent ApjDiication Laid-Open No. 2-257891 i 

[0053]; v If Insect. cells are used as the host ceils, the proteln can be expressed by methods descl'ibed in Baculoyiiijs:; > : 
; : ■ 30 Exp ressibn Vectors, A Laboratbry Manual, Current Protocols In Molecular Biology Supplehneht 1-3.8 (1 987- i 997);. Bio/ : ' 
Technology, 6, 47 (1988) and the like. 

[0054} That is, a reconriblnant gene transfer vector and a bacu lovirus are co-transf ected into insect cells to obtain a ■ ■■■ 
recombinant virus in the culture supernatant of the insect cells, and then the . insect ceils .are Infected with the recom- 

. b^ 

,;i ; ^ , 35 [0055] Exanriples of thb gerib transf^ in this method include jiVL 1392, pVL 1393 arid pBIueBacIll: (al| 

m 

[0056] Asthebaculovirus, It is'possible toehriploy, e;g.^^^^ 
vims ihfecting insects of the family Ba^^^ 
[0057] As the insect cells, it is possible tp use Sf9, Sf21 [Bacu lovirus Expression Vectors, A Laboratory Manual, W. ■ v 
fo H. Freeman, and Company^ New York (1992)] which are oocytes of Spodopetera frugiperda and High 5 (Invitrogen) : 
. ; which is oocyte of Thc/iop/us/a /?/, and the like. 

: [0058] As a method for co-transfering the aforesaid recomlplriant gene transfe 
. ; : into insect cells for preparing the recombinant virus, tor example, a caiciuni phosphate method (Japanese Patent 
Application Laid-Open No. 2-227075), a llpofection method [Pi-oc. Natl. Acad. Sci.;; US A, 84, 7413 (1987)] and the like : 
- .-^ may :be" used. . 

[0059] : As a method for expressing gene, in addition to direct expression, secretory prpduction, expression of a fusion 
protein and the like can be carried out according to the method described in Molecular bioning 2f^ editipri. . 
[0060] . When ia protein has been exiDressed by yeasts, animal cells of insect cells, the protein to which a sugar of 
sugar chain is added can he obtaiinecl^ ; 
: 50 \ y, [0061] - the .triusrobtain^d t^^ is cuttufecf in a medium to produce and accuhnu I ate proteins which catalyze ' 

the reaction of producing compound (ll-a) brcortipound (ll-b) from compound (l-a) or compound (1-b) in the culture, 
and the proteins are recovered from the culture, thereby producing the protein which catalyzes production of comppund > 
" : . (ll-a) of coriripound (ll-b) froni conipourid (l^ayb^^ 

[0062] Asamethodforculturihginamediumthetransfpfnaantfortheprodu 
55 which catalyzes the reaction of producing compound (ll-a) of compound (ll^b) ffipm cpririp6und (l-a) or compound (1-b), 
conventional nriethpds used for cuituring a transforrhant |h a host ce|l can be used. 

[0063] If the transformant of the present 'invention is a prokaryote such as £cb// or an eulcaryote such as yeast, the 
medium for cuituring these organisms riiay be either a natural or synthetic niedium insorfaf as it contains a cariaph 
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source, a nitrogen source, inorganic salts and the like which can be assiniilated by said organisms, and it allows efficient ■ 
, cuituring of the trahsfomnant. 

[0064] As a carbon source, any carbon source can be used as long as it can Ipe assimilated by the microorganisms, : 
indUding carbohydrates such as glucose, fructose/ sucrose, or hfiolasses^^c^ 
5 hydrolysates; organic acids such as acetic acid, propionic acid; and alcohols such as ethanol, propanol. . . 

[0065] As a nitrogen source, the following can be used: ammonia; ammonium salts of various inorganic acids and . 

■ organic acids, such as ammonium chloride^ ammonium sulfate, amnionium acetate, and animonium phpphate; other 
nitrogen-containing compounds; and peptone, nieat extracts, yeast extracts, com steep liquor, casei in hydrolysates, 
soy bean meal, soy bean meal hydrolysates, various fehtiented cells and hydrolysates thereof, and the like. > 

10 [00661. Exampte^^ ihdude, potassium dihydrogenphosphate, pot^^ hydrpgenphbs- 

: phate, nnagnesium phosphate, magnesium sulfate, sodium chloride, fen-ous sulfate, manganese sulfate, cpppersulfate ; 
: . and -calcium carbonate. . 

[0067] The cuituring is carried out under aerobic conditions by shake cuituring or aerationragitation cuituring or ther : 
::;.Iike.:The cuituring; tennperature is preferably 15 to 50^C, and the cuituring period is usually. 16 hours to 7 days. \/yh lie 
/5 maintained at 3.0 to 9.0. The pH control is conducted using an inorganic: or organic acid, alkaline 

solution, urea, calcium cart: onate, ammonia and the like, 

[0068] If necessary, antibiotics such as anfipicjlljn and tetracycline may be added to the miediurn while cuituring. 
[0d6i9] When a hiicroorganism transformed with an expi^ession vector using an inductiyeprorrioter as a promoter is 
cultured, an inducermay be optionally added to the medium. Forexarnple,isopr6pyl-p-D-thlogalactopyranoside (IP 
\ 20 indole acrylic acid (lAA) or xylose may be added to the niediunh respectively, when a microorganisriri transfonned with 
Y expression vectors contairiing lac prortioter, trg promoter, or xylA promoter is used. 

[0070] The medium for cuituring the transfbfmant obtained by using animal celjs as host cells may be a generally- 
used medium such as RPM 11 640 rnedium |The Journal of the American Eagle's 
MEM medium [Science, 122, 501 (1952)]^ DMEM medium [Virology, 8, 396 (1959)], 199 medium [Proceeding of the 
25. Society for the Biological Medicirib,,73, 1 (1 950)] oi^ any one of these media further suppiemented with fetal calf serum. 

■ [0071] : :Culturing is usually can'ied out for i tp 7 days at pH 6 to 8 at 30 to 40'*C in the presence of 5% COg. ■ ■ 
[0072j ■ If necessary, antfbiotics such as kanarnycin and penicillin may be added to the rnedium while cuituring. ■ - 
[0073] The mediurh.for culturirig the transfomiant obtained by using insect cells as host cells may be a gererally- 

: used medium sudi. as TNM::iFH mediuni (produced by PharrTfiingen), Sf-900 |l SFM medium (produced by Gibco BRL), 
■;■ 30 ExCell 400 and ExCell 405 [both are products of JFiH Biosdenc^^ Insect Medium [Grace, TC.C, Nature, 

S-v . 195; 788 (1962)] bhhe iikey. .^ 

[0074] Culturirig is usuaii^^^^ 

[0075] If necessary,: antibiotics such as gentamycin may be added to the medium while cuituring! ■ 
[0076] For isolating and purifying the protein which catalyzes a reaction of pix)ducihg compound ( 
; 35 (I Kb) from cpmpound (l-a) or compound {!-b>;f^^ 

. vehtiphal rhethods for the isolation. and purification of enzynries ckn be perfoirned. ; 
: [0077] For example, in the case where the protein of the present inventipn |s expressed in a soluble forfn in cells, 

alter cuituring, the cells are recpveired by centrifugatjbh arid susjDerided in an iaqubous buffeir, followed 
; , with uitrasonicdisrupter, French Press, Manton-Gaulih honnogenizer, Dynomili orthe like, thereby obtaining, a cell-free 
.: 40: extract. Frb^ 

using conventional methods fpr isolation and purification of erizynries a|one or in cpnribinktibri, such as solvent extrac- 
tion, salting-out or desalting with sulfate amrrionlum etc., precipitation with ah organic isbivent, anibn-e^^ chro- 
hiatography on resin such as diethylaniinoethyl (PEAE)-Sepharpse, PIAIOIVI HPA-75 (produced by Mitsubishi Chemical 
Industries Ltd.) or the like; cation-exchange chronriiatography on resin such as S-SejDharbse FF (Pharttiacia) or the like, 
: ^5 hydrophobic; chromatography on resin such as butyl Sepharose; phenyl Sepharose or the like, gel filtratibn uising mo^ 
; . jecuiar sieve, affinity chronaatograph^^^ and electrophoresis such as isoelectric electrpphpresis. 

[0078] , In the case where the protein is expressed in a fpmn of an inclusion body in cells, the- cej Is are . similarly . 
recbvei'ed, disajpted arid centrifuged, thereby obtaining a precipitated fraction, and the protein is recovered frohn the 
fraction in a usu aim an her. The recovered inclusion body is solubiiized with ia protein denaturating agent; The splubillzed 
50 solution is then diluted with or dialyzed against a solution not containing the protein; deriaturatirig agent or a solution : ■ 
::;: containing the protein denaturating agent at a'concentration low enough not- tpidenature the protein, whereby the 
; protein is renatured to. have no rrnal tertiary structure, arid its purif ied preparation can be obtained by the same isolation 
■ ; • and [Durification method as described above. 

[0079] When the protein of the present invention or a saccharide modified derivatives thereof are extracellularly 
55 secreted, the protein or the derivatives to which siaccharide chain is added, can he recovered from the supematant of 
. the culture. That is, the culture is subjected to an abovei-mentioried process such as centrifugatipn and the like, thereby 
pbtairiing soluble fractions, then a purif jed preparation can be obtained from said spfuble fractions in the same manner 
as in the above. 
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: : [0080] Examples of the thus^obtairied' proteins include proteins having amino acid sequences shown by SEQ ID v 
: ; : NdS: 1 , 42 or 45. Furtherrnore, the protein expressed in, the above manner can also be produced by chemically synr 
thesis methods such as Fmoc method (fluorenyl nnethyloxycarbonyl method) and tBoc method (t-butyipxycarbohyl 
method); Altematively, the protein can be obtained by:syhthesis using a peptide synthesizer manufactured by Sowa 
5 ; : trading (Advanced chemtech, USA), Perkih^Elmer Japan (Pericin Elmer, USA), Pharmacia Biotech (Phanrtiacia Bio^ 
. tech, Sweden), ALOKA (Protein Technology Instrument, USA), KURABO (Synthece)l-yega, USA), Japan PerSeptive 
. Ltd. (PerSeptw^ 

; : . ilLPra^ 

^ \'io; ■ , ; ^'y-^ . . " ;:■ . ■ ■ ^ - v^' . , : , ., .■[■■„■ . 

[0081] Using cells obtained by culturing the transformant obtained in above II according to the miethod described in 
above II, a culture of said cells, a treated product of said culture, or an enzyme extracted frorn. said cells as enzyme 
sources^ compound '(ll-a) or corTipounci:(l!-b) can be produced by allowing compound (tTa):pr compound (l-b) to exist 
in an aqueous medium, allbwih jcortippurid (li-a) or cbririipound (ll-b) to be produced and accunhulated in the above 

15 aqueous nriedium, and collecting compound (ii-a) or compound;(ll-b) from the above aqueous medjuni:: 

[0082] /■■Examples of treated p^ culture of the cells iriclude the treated products of the celljs such as dried ; 

cells, lyophiled celis, cells treated with surfactants, cells treated with enzymes, cells treated with ultrasonication, cells 
treated with mechanical mlliing, cells ti'eated with solvents; or protein fractions of the cells; or immobilized products of 
said cell and said treated products of said cells. 

20 [0083] As a method. for converting compound (l-a) or compound (l-b) into compound (ll-a) or compound (li-b), both 
: of the following methods (a) and (bj can he used: (a) a method wherein the compound (l-a) or compound (l-b) is 
previously, added to the nnedium for culturing cells; and (b) a method vyherein compound (l-a) or compound (l-b) is 
added to the medlum while cuiturihg. Alternatively, a method wherein the enzynrie source obtained from the cell culture 
is reacted with compound (I-a) or comjDOund (l-bj In the aqueous niedium can be also used. . : 

25 [0084] In a case where connpound (l-a) or conripound (l-b) is added to a medium in which a microorganism is to be ■ 

cultured, O.i to lOnrig, preferably 0.2 to 1 mg of cornpound (l-a) or compound (l-b) |s added to l .ml pf medium at the - 

beginning of or at some midpoint of the culture. It is desired that compound (l-a) or compound (l-b>^i^^^^ 
dissolved in an organic solvent such as methyl alcohol or ethyl alcohol; 

[0085] in a case where a method of allowing an enzymb. source obtained by culturing cells to.act upon compound 
■ . 3b (j-d) or compound (l-b) in ah aquebus medium, the arriount of enzyme to be us^d depends on the specific activity of 
: the enzyme spurce or the lil<e. For example, whien a culture of cells, cells, or a. treated product thereof is used as an 
• : -e^ source, 5 to 1,00dnriigj. preferably 10 to 400mg of enzyme source is added per 1mg of conripound (l-a) or 
compound (l-b)! The reaction Is perfomned in an aqueous niediuni preferably at 20 to 50*G, and paiticularly preferably 
; : : a^ 25 to 37**G- The reaction period depends on the amount, specific activity ahd the lil<e of ah enzynne source to be 

\ -35 

[0086] . Examples of an aqueous medium include water, or buffers such; as: phosphate buffer, l-lEPES (N-2 hydrpx- 
yethylpiperazine-N-ethanesuifonate) buffer and Tris (tris(hydroxymethyl)aminomethane)hydrochloride buffer Ah o^ 
ganic solvent may be added to the above buffers, unless it inhibits reaction.: Examples of organic solvent include ;; ;; 
acetone, ethyl acetate, dimethyl sulfoxide, xylene, methyl alcohol, ethyl alcohol and, butanol. A mixture of an organic : . 
. 40 solvent and an aqueous medium Is preferably used, for example when compound (l-b) if u^^^ : : 

[0087] In the case where compound. (I -a) or compound (l-b) is added to the aqueous:^rnedium; cpmpound {Ira) or 
corn pound, (l-b) is dissolved in khaquebijsniediumca^ of diissoMng compound (l-^j or cbrhpound (l-b)i and tlien 
is added. to the meidiuiri. An organ ic solvent may be added to the above buffers; unless it In hibitis reaction. Exanripies : 
of organic solvents include acetone, ethy|:acetate, dihriethyr sulfoxide, xylene, methyl alcohol, ethyl alcohol and butanol. 
^5 [0088] . CbmpdUnd (i-b) iand compound (ll-b) can easily be converted into compound (i-a) and cornpound (ll-a) re- 
: spectively by 'amethod for opening a lactone ring as mentioned below. Likewise, compound (i-aij and compound (II- 
a) can easily be converted into compound (l-b) and compound (ll-b) respectively by a method for producing lactone 
as mentioned below. 

[0089]; Exampleis of a niethod for bpenihg a lactone ring include a method which compris^^ 
5P bj or compound (I Irb) In an aqueous medium 

;: adding thereto an acid or alkali. Examples of theiaquedus medium include water and an aquepus splutjon containing 
: ; salts, whjch does not inhibit the. reaction, such as phosphate buffer, Tris buffer and the like. The above aqueous solution 
an oi-ganic solvent such as methanol, ethanol, ethyl acetate arid the like in a concentration which does 
not Inhibit the reaction. Examplesbf acid include acetic acid, hydrochloric acid and sulfunc acid, and exampleis of a^ 
55 include sodiuni hydroxide, pbtassiUm hydroxide and ammonia 

[0090] Examples of a method for producing lactone include a method which comprises dissolving cpmpound (l-aj 
or compound (ll-a) in a non-aqueous spjvent and addirig thereto ari acid or bjase catalyst. As long as the nph-aqueous 
solvent is an organic solvent which does hot substantially contain water and can dissolve conripound (I-a) orcpriipound 
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(ll-a), any type of n on -aqueous solvent can be used. Examples of nonraqueb us solvents include dichloronneth an e and 
ethyl acetate. As . a catalyst, any catalyst can be. used, as long as It catalyzes lactonization and does not show any 
actions other than lactonjzatlon on a substrate or a reaction product. Exanriptes of the 
. acetic acid and para-toluenesulfonic acid. Reaction temperature is not jaartlcularly limited, but is preferably 0 to 1 pO'*C, 

5 and is more preferably 20 to 80'C. 

[0091] The collection of compound (ll-a) or compound (ll-b) frpm-the reaction solution can be carried put by any 
ordinary methods used in the field of organic synthetic chemistry such as extraction with organic solvents, crystalliza- 
tion, thin-layer chromatography high perfonr^^ 
V [0092] As a nhethod for detecting and quaritifying compound (il-a> or com 

10 : tipn, any, method can be, used, as long as the detection or quantification of compound, (I i-a) and/or conripound (!|-b) ;: 
■can be perfomriiBd. Examples therepf include ''^c-NMR spectroscopy, ^H-NMR spectroscopy, mass spectroscopy and 
high perfomriance liquid chronriatography (HPLC).: 

■ [0093] In the present invention, some compounds of compound (i-a), compound (l-bj, compound (ll-a) and compound 
> ; i (ll-b) can have stereoisomers such as optical isoiriers. The present invention covers all jpossible isomers and mixtures. : 

'.5 :.- 

: [0094] As compound (1-a), corhpound (111-a) is preferable, compound (V-a) is more preferable, and compound (VII- 

■ a) is particularly preferalDle. 

[0095] As compound (l-b), compound (lll-b) Is preferable, compound (V-b) is more prefer^able, and compouhd (VII- 
. b) is particularly pi'eferable. 

20 [0096] As compound (!l-a), compound (IV^a) is preferable, compound (Vl-a) is more preferable, and compound (VI II- 
"a) is particularly pref er^ble.- 

: , , [0097] Ascompound(ll-b), corripound (I V-b) is preferable, compound (Vl-b) is more preferable, and compound (Vl I ir- 
; ^ib) is particularly preferable; 

[069iB] AlkyI is a linear or brahched all<yl containing 1 to 10 carbon atoms, preferably 1 to 6 carbon atoms, such ks 
25 . methyi, ethyl, propyl, isopropyij butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, isohexyl, heptyl, 
7. 4,4-dinriethylpehtyl, bcty|,.2,2,4-trimet^^^ 
[0099] Examples of aryl include phenyl and naphtyl. : 

[0100], : The substituent in the substituted alkyi may be 1 to 3 identical or different groups, and examples thereof: 
include halogens, hydroxy, anhino, all<oxy and aryl. v\ 
30 [01 01] :; Th^ sub^tituerit in the substituted kryi riiay be 1 to 3 identical or different groupis, and examjDies thereof inciudei • 

; 10102) The alkyl moiety in alkoxy has th 

[0103] Alkali rrietal represents each element of lithium, sodium, pbtassium, rubidium, cesium or francium. 
; ■ [0164] .The :exai7iples of the present ihv^^^ is described below, but the present invention is not limited to these 

:■ -'^^^ . ,35: \^ exahiiples.:. V 

BEST MODE FOR CARRYING-OUT OF THE INVENTION 

. Exahipie 1 : Obtaining of the DN A encoding the protein having an activity of producing compound (Vill^a) or compound 
40 . (Vlll-b) from compound (Vll^a) or compound, (VI l-b) 

[0105] 1dbmg of compound (VI l-b) (produced by Signria) was dissolved in 9.5nil of methanol, and O.Snrii of 1mol/l 
.sodium hydroxide was added. The mixture was stirred at rbonri temperature for 1 hour. The obtained reaction sblutipn 
■ ■was dried to be solidified, and was dissolved by adding 5ml of deionized water, followed by adjusting pH to about 7 . 
45 : with about C.i ml of 1 mol/l hydrochloric acid. Then, 4.9ml of deionized water was added to the mixture to obtain 10m 1 

■ rv of compound (VI l-a), whose final concentration was 10mg/ml (a compound wherein ^ in formula (Vll-a), R"! is sodium).; . 

[0106] . Bacillus subtilis^/\arbu^g^ 68 strain (ATCC15563) was inoculated with 1. platinunri: loop in a 10ml LB liquid 
medjurn, and cultui-ed at 30*C byernight. After culturing, cells were collected fronri the obtained culture solutibn by 
. K: centrifugation. 1 

■ 50 [0107] : A chrombsohrial DNA 

: [0108] .. /Sense and.antisense prjrnere haying a combination of nucleotide sequences: SEQ ID NOS: 3 and 4, SEQ ID 
NOS: 5 and 6, SEQ ib.NOS: 7 and: 8, SEQ lb NOS: 9 and lO. SEQ ID NOS: 11 and 12, SEQ ID NOS: 13 and 14, and 
SEQ ID N0Si:;15 and 16,;Were synthesized w^ 
. [0109] : Using the chromosomal DNA as a template, PGR was performed with these primers and with TakaRa LA- 
55 pcRi-M Kit Ver.2 (produced by TAKARA);; Expand™ High-Fldelity PGR System (produced by Boehringer Mannheim) 
or Taq DNA polymerase (produced by Bbelinnger) using a DNA thermal Gycler. (produced by PerkinrElmer Japan). : 
FPR W^. peJtP.rn^,®d ;t°r.30 cycles in which each cycle consists of reaction steps of 30 seconds at 94**G, 30 
seconds at SS'^G and 2 hiinutes at 72*G fbr DNA fragments of 2klD pr less; arid 20;seconds at 98'*G, 3 minutes at 68'*G 



16 




. EP 1 148 122 A1- "■ 

for DNA fragments of more than 2kb; and then reaction was carried out for 7min at 72**G." 
[0111] Among DNAfragnientsannplified by PCR.theDNAfragment (containing biol gene) a 

■ of primers of SEQ ID N0S:3 and 4 was digested with restriction enzymes EcoRI and Sail, DNA fragment (containing 
cypA gene) amplified by a combination of primers of SEQ ID N0S:5 and 6 was digested with Xba I and Sma l, DNA 
5..-. -fragment (containing cypX gene) amplified by a combination of primers of SEQ ID N0S:7 and 8 was digested with 
Smal and Sai l, DNA fragnient (containing pksS gene) amplified by a combination of primers of SEQ ID NPS:9 and 1 0 
was digested with EcoRI and Sail, DNA fragnrient (containing yetO gene) amplified by a combination of primers of SEQ 
; : ID N0S:11 and 12 was digested with' Xba l and Bglll, DNA fragment (containing yjlB gene) aniplified by a combination 
v; of primers of SEQ ID N0S:13 and 1 4 was digested with Xbal and Smal. and DNA fragment (containing vrh J gene) . 
: amplif icfd by a cpmbination, pf primers of SEQ ) D NOS; 1 5 and 1 & was digested with Xbal and. Sma l , resjaectively, 

[01 i?) After digestion, the Di^J A fragments treated with the restriction enzymes were subjected to agarose gel elec- : 
:, / trophoresis to obtain the DNA fragments treated with various restriction enzynries. . 

[0113] A vector plasmid pUC1 1 9 (produced byTAKARA) was digested with restriction enzyiiies Sail and Eco RI, then 
^ subjected to agarose gel electrbphoi-esis to obtain a Sail -EcoRI treated pUC11 9 fragment. Sim iiariy, a vector plasmid ■ 
; /5 , , pUC1 19 was digested with restriction enzyriies Sail and Sma l, then subjected to agarose igel electrophoresis to obtain 
a Sall- iSma l treated pUG1 19 fragment. 

[0114] pSTV28 (produced by TAKARA) was digested with restriction enzymes Xba l and Smal, then subjected to . . 
agarose gel electrophoresis to obtain a Xba l -Sma l treated pSTV28 fragment. Similarly, a vector plasmid pSTV28;was 
digested with restriction enzymes Xba l and BamHI, then subjected to agarose gel electrophoresis to obtain a Xba l- 
20 BamHI treated pSTV2a fragment; 

: ■ : [0115] the thus-obtained EcoRI:-Sall treated DNA frajgment (ampiified by PGR with a combination of primers of SEQ-: .- 
ID N0S:3 and 4) was mixed with this Sal I- EcoRI treated pUC1 1 9 fragment, Xba l -Sma l treated: DNA fragment (amplified 
by PGR withacohnbinatibn of primers of SEQ ID NQS:5 and 6) was mixed with the Xba l -Sma i treated pSTV28 fragment,^ 
Smal-Sall treated DNA fragment (arfiplified by PGR with a combihatiori of primers of SEQ ID N0S:7 and 8) was rhiked 
: 25 with the Sail -Smal treated pUC1 19 fragment, EcoRI-Sall treated DNA fragment (amplified by PGR with a cornbinatiph ; 
of primers of SEQ iD N0S:9 and 10) was mixed with the Sail-EcoRi treated pUG1 19 fragment, Xbai-BglH treated DNA 
fragment (anripl if led by PGR with a combination of primers of SEQ ID NOS:1 1 and 12) vyas mixed with the Xbal-BamHl 
treated pjST\/28 fragment, Xbal-Smal treated DNA fragment (amplified by PGR with a combination of prirners of SEQ . : 
ID NbS:;13 and 14) was mixed with the Xbal- Sma l treated pSW28 fragnient; Xbal-Smal treated DNA fragment'(am- , 
■: 30 plified by PGR with a combinatibn of primers of SEQ ID N0S:15 and 16) was rhixed with Xba l- Sma l treated pSTV28 
fragment,' respectively. After ethanbl precipitation, the pbtaihed DNA precipitates were dissolved in of distilled water, 
and a ligation reaction was earned out to obtain each recombinant DNA. 

[0116] Using the recombinant DNAi E. co// (purchased from TO YO Bp) DHSostrain is transfomned by a usual method, 
then thiB'transformant was pfiat^^^^^ Bactoyeast 
: 35 :: extract (produced by Difcp) 5g, NaGI 5g in 1 L; and adjusted to pH7.4 with I mbl/i NaOH such that the agar is adjusted 
to 1 .5%] containing iOO^g/m I arripicillin in. the case where the pUG119 is used as a vector plasmid; and to a LB agar; ; 
: rinedium:c6ntaining:25^-g^^^ phloranriphenico) in the case where the pSTV28 is used as a vector plasmid, foilowed by : 
culturingfor2daysat25°G: 

[0117] . Several colonies of the grown annpicill in-resistant or chloramphenicol-resistant transfonriants were selected, 
40: Inoculated In 10ml LB liquid medium [which contains BactoTrypton (produced by Difco) lOg^. Bactoyeast extract (pro^ 
duced by Difco) 1 0g and NaCi 5g in 1 L; and is adjusted to pH 7.4 with 1 mol/I ISiaQH], and then cultured while shaking 
'■'■■■1or2 days at SS'^G:- '^^^^^^^ v;:'^.:;'-' ':■ ' ■ ^ 

[01 1 8] ; The obtained culture was centrifuged to ^^^^ 
. [Oil 9] : A plashnid was isolated fromi the cells in a usual manner 
45 .;.[0120j : The stnjcture of the isolated plasmid was examined by cleaving it with various restriction enzymes and the . 
. nucleotide sequences were detennriined, thereby cpnfirming that the desired DNAfragrnent was inserted in the piasmid. 
:, ' : The plasrinids^ by linking the DNA fragnrient (amplified by PGR with a combination of primers of SEQ ID NOS: 

3 and 4) treated with EcoRI-Sall to pUG1 1 9 fragnhent treated with Sall-EcoRI, was riamedpUbiol.theplasriildsoljtalhecl 
DNA fragment (amplified by PGR with a combination of primers of SEQ ID N0S:5 and 6) treated with Xbal- 
\5q .. Sma l to pStV28 fragment treated vyith Xbal -Sma l was. named pScypA;:the plasmids obtained by. I inking DNA fragment 
^ (amplified by PCR.with a cornbination of primers of SEQ ID N0S:7 and 8) treated with Sma i-Sall to pUCil 9 fragment 
, treated. with Sall-Smal was named pUcypX, the plasmids obtained by linking DNA fragrnent (amplified by PGR with a 
comlpihation of primers of SEQ ID.. NOS: 9 and 1 0) treated with Eco RI-Sall to pUG1 1 9 fragment treated with Sal I- Eco RI , 
was named pUpksS, the plasmids bbtained by linking DNA fragment (amplified by PGl^ with acombihation of primers 
55 of SEQ ib N0S:11 arid 12) treated with Xbal-Bgll I to pStV28 fragment treated with Xbai-BamHI was named pSyetO, 
the plasmids obtained by jinking DNA fragment (amplified by PGR with a combination of primers of SEQ ID N0S:13 
and 14) treated with Xbal -Sma l to pSTV28 fragment treated with Xbal -Sma l was named pSyjiB, the plasmids obtained 
by linking DNA fragnrient (amplified by PGR with a combination pf primers of SEQ ID NOS:15 and 16) treate^d with 
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Xbal-SfTiai to pStV28 fragment treated with 

[0121] E.coHDHS a containing thethusrobtained plasmid, E.co// DH5 a containing pUCil9 or.pSTV28, and E.cdii 
DH5 acontaining no plasm id were inoculated respectively in 3nnl of LB: liquid medium (to which a drug which corre- 
ispohds to a dnjg^resistaht gene in a vector plasniid was added) arid cultured while slinking for 12 hours at:28'^C. The ^ 
. culture solution (0,5ml) was inoculated to a LB liquid medium (towhich a drug which corresponds to a drug-resistant 
gene was added) containing 1% glucose and 1% CaCOg, and was culture;d while; shaking for 12 hours at 28*C; The 
culture splutipri (imi) was poured into an assist tube (produced by ASSIST); then glucose and the previously obtained 
compound (Vil-a) (wherein is a Na) were added to a final concentration of 1% and 100mg/l, respectively, followed 
by shaking for 24 hours at 28^C; Upon completion of the reaction, cells were removed by centrifugationi then the 
obtained superngant was thqroughtysh wit,h:additipn of the'same , amount of ethyl acet^^ upper ethyl acetate 
layer was separated. from the. solution by centrifugation, then the ethyl acetate layer was evaporated t6:dryness by a 
centrifugal evaporator. The dried matter was dissolved in one-fifths volunrie of methanol relative to that of the first culture 
supernatant, and subjected to a HPLG analysis [column; Inertsil OpS-2 (5^m, 4x250mm, manufactured by GL science), 
cotunrih tehnperature; eo^C, mobile phase; acetonitrile; water: phbsphonc;acld=55:45:0.05, flow rate: 0:9nil/m in, de- 
tection wavelength: 237nm] to detect and quantify the compound (Vlll-a) (wherein is Na). The resultis are shown in 
■■Table 1. ■ ■ 



Table 1 



20 



25 



30 



Plasmld 


Compound (Vlll-a) (mg/l) . 


None 


0 . 


pUC119 


0- -■ 


pST\/28 


'0. 


pUbiol . 


0 . 


pScypA : 




pUcypX 


.:. ':. -0' /; 


pUpksS . 


0 


pSyetO: 


. 0 


pSyjiB 


■' 0.6 ■ ■ . 


pSyrhJ 


;.; 0^ ' 



Example 2: Expression of yjlB gene in Bacillus subtilis as a host cell and confimriation of activity of the protein encoded 
by said gene \ . . - ■ - 

. [0122] Sense and antisense primers having a cohnbina^^ 
\>: : 18, $EQlD NOS:19:ahd 20v:SEQ IQ and22, SEQ ID NOS:23 dnd 24, Se6 ID NOS:25 and 26, SEQ ID NOS: : : : . 

• . ; : ■ 2^^ 

[0123] Using the chromosomal DNA of Sac as a template, PGR was performed 

V : v : 40 with thesis primers an d.with TaKaRa LA-PCR^m Kit Ver.2 (produced by "TAKARA), Expand^" High-FtdeiityPCR System 
. (produced by Bbehringer Mahnheihi) or Taq DNA polyhnerase (produced by Boeljiringer) using a DNAThemial Cycler 

■:■:^■;x^■';*.^'v■•■^■-^'■': (produced'by PerkinTEImerJapan).""' ■ ■■: • 

[0124] PGR was performed for 30 cycles under the conditions: where one cycle consists of the reaction steps of 30 
seconds at 94*G, 30 seconds at 55*C and 2 minutes at 72*0 for the DISiA fragments of 2kb or less, and 20 seconds 
45; at 98°C and 3 minutes at eS'^G forthe DNA fragrnehts of mores than 2kb, and then a reaction was earned out for / 
^ ■ minutes at 72*G. .. . 

[0125] Among DNA fragments amplified by PGR, the pNA fragment (contei 

of primers of SEQ ID N0$:1 7 and 18 was digested with fectriction enzymes Spe l and Bam HIj DNA fragment (containing ■ 

cypA gene) anriplified by a combination of primers of SEQ ID IvjbS:1 9 and 20 was digeisted with Spe l and Bam HI, DNA 
50 fragment (containing cypX genb) amplified by a combination of primbrs of SEQ ID NQS:21; arid 22 was digested with 

Spel and Nrul, DNA fragnierit (containing pksS gene) amplified by acombin^tlpn of primers of SEQ ID NOS:23 arid 
. 24 was digested with Spe l and Bam HI,. DNA fragririerit (cbhtainirig yetO geine) ampijfjed by a coiribihatibn of primers of 

SEQ JD NOS:25: and 26 was digested. ;.with Spel and Bam HI, DNA fragrinent (contaihing yjiB gerie) amplified by a 

combination of primers df SEQ ID NOS:27 and^8 was digested with Spe l and Bam HI, DNA fragment (containing yrhJ 
55 gene) ariiplified by a cohibination of primers of SEQ ID NOS:29 aridSO was digested with Spe l and Bam l^ I, respisctively. 

[0126] After digestion,' the DNA fragments treated with the resti'id^^^ 

trpphbresis to obtain the DNA fragments treated with ea^^ 
' ' [0127] '; A vector plasmid pWH 1520 (produced by MbBiTec) was digested with restriction enzyrTies Spel and Bam HI, 
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: . then subjected: to agarose gel electrophoresis to obtain a Spel^ Bam l-H treated pWm520 fragment! Similarly, a vector 
plasmid pWH 1520 was digested with restriction enzymes Spe l and Nrul, then subjected to agarose gei electrophoresis 
to obtain a Spel-Nrul pWm 520 f ragnient. .: : - 
; [0128]' The thus-obtained Spei-BamHi treated DNAfragments (amplified by PGR with a combination of prinneris of 

5 SEQ IP N0S:1:7^nd 18, SEQ ID NOS:19:arid20, SEQ ID N6S;23 and 24, SEQ jD NOS:25 and 26, SEQ ID NOS:27. 
and 28, and SEQ (ID NpS:29 and 30) were mixed with the Spei rBam Hi treated pWF1520 fragnnent; Spei-Nrul treated 
PNAfragnient (ampiifjed by PCR wIth acombin^^^ and 22) was mixed with Spei-Nrui 

pVVF152b fi'aghieht; respectively. After ethanol precipitation, the obtained DNA precipitates were. dissolved in 5|ii of 
distilled water, and a ligation reaction was carried out to obtain each recombinarit DNA. 

10 [01 29] Using the; recipmbin^ QN A. ^- PPf^AP}^^^^^'^!^^ .frpiri; TOYOBO) pH5 a strain was _ ti^ansf oirried by a usijal 
method, theniplated to a LB agar hnedium containing 1 0^ji g/ml of tetracycline, and cultured for 2 days at 25*C. Cells 
were recovered fronn the obtained 

[0130] A piasmid was isolated froni the cells in a usual rrianner/r 

[0131] The stmcture of the isolated piasiinld was ^ it with various restriction enzymes and the 

1.5 riuclebtide sequences thereof were dete DNAfraghient was ihiserted in the: 

piasmid. the piasmid obtained by linking the DNA fragnnient amplified by PGR with a cphribinatlpn of primers of SEQ 
ID N0S:17 and,l8:to_pVyH1520 was named as pWbioI; the piasmid obtained by linking the DNA fragment amplified 
by PGR with a combination of primers of SEQ ID NOS:19 and 20 to pWH1520 was nahied as pWcypA; the piasmid 
obtained by linking. the DNA fragment ahnpiified by PGR with a combination of primers of SEQ ID NdS:21 and 22 to 
20 pWH1520 was named as pWcypX; the piasmid obtained by linking the DNA fragment amplified by PGR with a conri- 
biriatibn of primers of SEQ ID NbS:23 and 24 to pWH1520 was named as pWpksS; the jDlasmid obtained by linking ^ 
the DNA fragment krtipiified by PGR with a combination of primers bf SEQ !D NOS:25 and 26 to pWH1520 Was named 
as p\A^et0; the piasmid obtained by linking the DNA fragment anripl if led by PCF^ with a corinbination of primers of SEQ 
ID NdS:27 and 28 to pWHI 520 was named as pWyjiB; the plasriiid obtained by linking the DNA fragment arhplif led 
25 by PGR with a combination of primers of SEQ ID NOS:29 arid 30 to pWHI 520 was nariried as pWyrhJ, respectively. : 
; [0132] the thus-obtained' plasnnids a plashilci5pWH152:0 werie jri^^ ^ B^ciiius subtil'^^^ 

ArGC3371 2 strain accoj-ding to the method by S'chang and S;Ni cohen [S. chang and S.N, cphen:;Mp!; Gen: Genet; 
. ■ 168,111 (1:979).] --^ 

: [0133] . ^ that is, AtGC33712 strain Was inoculated in a thick tube cohtaihing 5hril of Pen medium (Whe^^ 

30 Difcp Antibiotic medium No, 3 was dissolved in 1 00ml of water and sterilized in eiri autoclave), then cultured^ w 
. . at 37*G overnight, total cells cultured overnight in 300ml Erienmeyer flask cpntajnihg 100ml of Pen medium Were then 

. : inoculated and cultured with shaking for3 hours at 37**C to be grown until reaching a metaphase of e^^^ 

; vThe culture was centrifuged for 10 minutes at 5000rpm in gerin-free conditions to precipitate thie cells. After removing 
the isupernatarit, the cells were suspended in 4.5ml of SMMP [mixtui^ comprising equal ahnibunt of 2 x SMMP (where 

35 ; sucrose 34.2g, maleic.acid b.4^4g, magnesium chloride-eiHgO 6.81 3g were dissolved iri water, . which was^^i^^ 

; :pH6,5 With sodium hydroxide, then the final volume of lOOmi wa^ sterilized iri an autoclave) and 4 x Pen medium 
(whei'e 7g of Difco Antibiotic medium No. 3 was dissolved in lOOrtil of water and sterilized in an autoclave)], f dljo wed:- 
: Ipy addition of 0.5ml of lysozyme solution [where lOmg of lyspzyriie (produced by El KAGAKU was dissblvedin 
0. 5ml of SMMP, and sterilized with a nniltipore filter having a pore size of b.45p,mi, and the mixture was slowly shaken 

.40 for 2 hours at:37**G. After microscopically confimning that hot less than 90% cells becairte protoplast, the protoplasts : 
were centrifuged fpr;20 minutes at 3000rpm to be precipitated. The supernatant was -removed, and the pbtained pror \ 
toplasts were resuspen'ded in 5 nn protoplasts were collected by centrifugatlori for 20 minutes at 3000 

rpm, and suspended in 2ml of SMMP toi prepare a protoplast suspension of a recipient strain for transformation. 
[01 34] Approximately. 1 p.g :pf piasmid DNA was dissbiVed in SMMP, and thoroughly mixed with 0.5ml of protoplast 

45 suspension, immediately after mixing, 1.5ml. of 40% polyethylene glycoP solution [where 40g of polyethylene glycol 
6000 (Nacatai tesquej was dissotved in 2 ,x SMMP, and water was added thereto to become the volume of lOOml; 
followed by steriitzation in an autoclavej was added thereto arid thoroughly mixed. After standing at room temperature 
for 2 minuteSi 5ml of SMMP was added and mixedj and the nriixture Was centrifuged for 20 minutes at 300 prprh. After 
rehiovihg the superhaiteint, the precipitated protoplasts were suspended In 1 ml of SMMP, then slowly shaken foi* 3 hours • 

50 at 30'C. After dilution with SMMP as appropriate, the protoplasts were applied to a DM3 medium [in which 45ml of. 
80g/L bactpagar (produced by Difcp), SOnnl of 50g/L casamjno acid, 25 OW^^ 

,50ml phosphate buffer (35g/L potassium hydrogen jahosph ate, 1 5g/L potassium idi hydrogen phosphate) i 25ml of 1 0Og/ 
i • L yeast extract, 10ml of 203g/L magnesium chloride-eHgpi 25ml of 1 0Og/L glucose were respectively sterilized in an 
^ > a^^ and mixed, .then 3.5hil of 20nrig/mi bovine serum albumin sterilized with rnillipbre filter having a pore size of 
55 , o-45[im was added thereto] wherein the medium containing drugs (in case of tetracycline, it was added to the final 
; : volume of lO^g/rnl). The protoplasts were cultured fori to 2 daysi at 37'G to obtain the trarisfected strain. 
[0135] ■ ThuSi a subtills ATCG33712 strains having each of the jaboye plasmids were bbtained, 
. [0136] The obtained transfonrnapts and ATGG33712 strain having no pia^niid were inoculated respectively in 3ml 
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LB liquid media (wherein 10mg/i tetracycline was added to a plasmidrcontaining strain), and; cultured with shaking for 
v::24 hours at 3b*G. 0.25ml of this culture solution was inoculated in a test tube containing a Srhl.of TB medium [Bacto 
, . Tryptpn (produced by Difco) 1 .4%; Bactb yeast extract (produced by Difco) 2.4%; KH2PO4O 0.231%, and K2HPP4 
.■I . 251 %, adjusted topH7.4 withlimol/l sodium hydroxide], and cultured with shal<ihg for 3 hours at 30?C. After 3 hours; 
i mi of the. culture was transferred to an assist tube No. 60.540S (produced by ASSIST) and'40p.l of 50% sterilized 
xylose solution was added thereto, followed by culturlng with shaking for 3 hours, then, the compound (Vll-a) (wherein 
R is Na) obtained Jn; Example. 1 was added to each test tube to the final concentration of 0.2mg/ml, and the mixture 
was.cultured whith shaking for 1& 

[0137] Upon completibn of reaction, the reaction solution was adjusted to pH 3.5 with acetic acid. 1 mi of ethyl acetate 
was addedto 0.5ml of thisire^^ spjutipfi, andthe mixture was shaken. for 1 hour. After shaking, the: reaction solution 
was centrifuged f6r5 minutes at 3b00rpnn tb be separated into 2 layers, and the upper ethyl acetate layer was recovered, 
the solvent was removed by a centrifugal evaporator, and the residue was dissolved in 0.5ml,of methanol. ■ 
[0138] Using an aliquot of this methanol solution, HPLC analysis was performed as in Example l/tp detect and 
quantify cohipouhd (VIII-a) (wherein is Na):The results are shown in Table 2. 



Table 2 



Plasmid 


Compound (Vill-a) (mg/l 


None 


0.5 


pWHi520 




pWbibl ■', 


0.5 


pWcypA 


■ 0.5 


pWcypX 


■ . 0,5-" ■ 


; pWpksS 


0.5 


pWyetp 


0.5 . 


pWyjiB ' 


" ■ 24.6 ■ 


pWyrhJ 


0.5 



[0139] As seen fronh the results of Example 1 and 2, it is obvious that activity: 6f producing compound (Vill-a) or ^ 
: compound (yill-b) from compou^^^ 

[0140] } The bNAf ragmentamplified by PGR withac of primers of SEQ ID NO:27 and 28 kbove, contained 

the nucleotide sequence shown by SEQ ID NO:2; and said nucleotide sequence contained a nucleotide sequence 
encoding a protein having the amino acid sequence shown by SEQ ID N0:1 . 

; Exarripie 3: Expression of yjlB gene using SaciZ/us megafeny/n as a host celi and production of compound (V|ll-a) 

[0141]; pWyjiB prepared in Example 2 was introduced into BacWus megateriurn {produced ^^^^ and Bacillus . 

sp. PERM BP-6030 in the sam^ manner as is described fortrahsfomnation of Bacillus subtllisin Example 2. ■ 
[0142] The obtained transfomnant a^^^^ hbst cell having no plashnid were buiturbd ahd reaction was carried out in 
■ the sahrie nrianner ias in'Exahripie 2^^^^^^ amount of produced compound (Viii^a) wks measured. The results are .. 

-shown in Table' 3A;:;;;:V\- -v.' ■ ■ ■■ ■ ■ ■ ■■' ■-■■'■■■^■'■■■■}r - ^ ■ ■■ 



Table? 



Host 


Plasmid 


Gbmpbund (Vlll-a) (mg/l) 


B.megaterium 


none 


/ " 2.0: ?^ 


(as above) 


pWyjiB. 


A'' 27.2; -J^:.::,... 


PERM BP-6030 


none : 


■ ;:;4.5 


; (as above) ; 


pWyjiB 


30.3 



; Example 4: PreiDaration of th4 plasmid for expressing the protein which produces cornpound (Vl!l-a) in coryne-fomri i 
bacteria' ' 

[0143] To allow efficient expression of yjiB gene obtained In Example 1 in coryne-form bacteria, DN As hjaving nucle- 
otide sequences shown by SEQ ID N0S:31 , 32, 33, 34, 35, 36, 37, 38 and 39;Were synthesized with a DNA synthesizer, 
y [0144] the plasmid pRII 09 DNA in which the DMA fragment comprising a prornoter sequence p54-6 (Gen Bank 
V - AJi 32582) for expression in cbryne-fbrm bacteria and having the nucleotide sequence shown by SEQ ID Nb:46 was 




EP1 i48'122Al ■ 

y inserted into a Sse83871 - Bam Hl site of a plasmid vectorpCS299P (Japanese Patent Applicatiori No. 11-110437), vyas 
• : prepared in ia usual manner fronn.E;c»// NM522 strain transfo 

, [0145]. Using pWyjiB DNA obtained in Exanriple 2 as a template, PGR was perfornied with DNA primers having riu- 
cieotide sequences shown by SEQ ID N0S:31 and 32 and with Taq DNA po|yhaerase (produced by TAKARA) using a 
: 5 ; v DNA Thermal Cyder480 (p^ 

[0146] :::: PGR was -perfornried for 25 cycles in which each cycle consists of reaction steps of 30 seconds at 96**C, 45 
. seconds at BO'^G and 3 minutes at 72*C. 

[0147] DNA fragment amplified by PGR was digested with Sail and Bam Hl and subjected -to agarose gel electro^ 
phoresis, and an approxihiately 1 .2kb DISIA fragment was purified in a usual niahner to obtain a Sall-BamHI treated 

^0 DNA fragment;-; r'r'r]\^ ^' \,^.. . ....... , /■ . : . .. ' 

[0148] The above-obtained plasmid pRI109 DNA was digested with restriction Enzymes Sail arid Bam Hl arid sub- 
jected to agarose gel electrophoresis, and an approximately 6 kb DNA fragment was purified Ini a usual mannerto 
. obtain a Sali- Bam HI treated pRli 09 fragment. 

[0149] : The above-obtairiedSall- Bam HI treated DNA fragment and Sal^ pR1 1 09 fragment were hriixed. 

^5 and ligation reactlori was:carried out to obtain the recombinant Dl^^ 

[0150] Using the recorhbinant DNA, E;coli DH5a(purchased from TOYOBQ) was transformed by a usual rtiethbd, 
then plated to a LB agar medium containing 20[ig/nrt! kanamycin and cultured for 1 day at 3p**C to obtain the trans- 
fomnaht 

[01 51 ] A plasmid was isolated froni the transfomnant in a usual manner. Using the isolated plasmid DNA as a template, 
20 and using DNAs having nucleotide sequences shown by SEQ ID NOS:33i 34, 35, 36 arid 37 as primers respectively, 
the nucleotide sequences of the inserted DNA fragments were detenriined with a PyeTemninatpr Gycle Sequencing 
Kit (produced by Applied Biosystem) and 373A sequencer (produced by Applied Blosystem), then the plasmid in which 
the nucleotide sequence shown by SEQ ID Nd:41 was inserted between Sai l and BamHl sites of pRI109 was named 
-pRIyjiB. 

25 [0152] The nucleotide sequerice shown by SEQ ID N0:4I contained the nucleotide sequence which encoded the 
protein having the amino acid sequence shoWn by SEQ lb 

[0153] Using the chromosomal bNA of Bacillus st/M/s Marburg 168 strain (ATc6l5563);Obtained in Exanriple 1 as ■ 
a template, PGR was performed with DNA primers having nucleotide sequences shown by SEQ ID NOS;38 and 39, 
and with LA^Taq DNA polymerase (produced by TAKARA) using a DNATherhnal Cycler 480 (produced by Pei'Kiri -Elmer 

■30 'Japan),.. ": 

. :[0154] PGR was perfpnned for 30 cycles in which each cycle consists of reaction steps of 30 seconds at QG^C, 30 
: . : oseconds at 55*^d an 

: : : :[0155] The DNA fragnient amplified by PGR was mixed with pT7Blue (produced by TAKARA), and ligation reaction 
: ; - : was carried out to obtain th 

35 : [0156) i Using the recombinant DNA, Eco//DH5a(purchasedfr6m:^^^ 

; then plated to a LB agair mediunn containing 100^g/nril ampicillin arid cultured for 1 day at 3b*C to obtain the transforin- 
ant.::-;. '■ ; . /" ^ ' ■ .i-;-::- ■: ■ . . .■ . .... 

[0157] A plasmid was isolated frorin the transformarit by a usual method: The structure of the isolated plashriid was 
exam iried: by cleaving it. with various restriction erizynries, thereby corifimning that the desired.DNA fragment was in-i . ■ 
40 sorted in tKe plasmid, and the plaisnijd was named as jD^ 

[0158] The RTSYN2.r72 DNA was digested with Xhol and Bam Hl and suiajebted to agarose gel electrophoresis, and 
■ 'then an'^pproxinnately;i ;2kb DN^ by a usuial hnethod to pbtaih a Xhb i -Bana Hl treated DNA .' 

fragrnent. ■■ 

[0159] The plasmid pR 11 09 DNA was digested with restriction enzynries Sail and Bam Hl and subjected to agarose 
45 gel electrophoresis, and. then ah approximately 6kb DNA fragment was purified by a usual hnethod to obtain a Sail- . 
Bam Hl treated pRI109 fragment. 
\ [016P] The above-obtained Xho l- Bam Hl treated DNA fragment arid Sall- Bam HI treated pRli 09 fragment were mixed, ' 
and the ligation reaction was carried out to obtain th 
; . [ Using the recombiriarit DNA, E.coli DH5 a (purchased from TOYOBQ) was transfbrrined by a usual method, 

50 then plated to a liB agar mediuriri containing 20^g/ml kanamyciri and cultured for 1 day at 30*0 to obtain a trarisformant. 
:■. [0162]: A plasmid Wjas isolated from the transfonrjant by a usual niethod, Uising the Isd a tem^^ 

piatei and usmg DNAs hayjng nucleotide sequences shown by SEQ ID iSJ0S:33V 34, 3^ 

sequences of the inserted .DNA fragmerit wenb deteitniried with a DyeTentiinator Gycje Sequencing Kit (prbduped by , 
Applied Biosysterti) and:373A sequencer (produced by Applied Biosystem), arid the plasnhid In which the nucleotide 
, 55 ". sequence shown by SEQ ID N0:43 was inserted between Sall- Bam HI site of pRll09. was nariied pSYN2-72; 

[0163] The nucleotide sequerice shown by SEQ |D Nd:43 cpntkmed the nucleotide sequence which iencbdes the:, 
protein haying the alTiin 

[0164] Using pWyjlB DNA bbtairied in Example 2 as a tehiplate, PCF^ was perforiTied with DNA prirriers having nu- 
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clfeotide sequisnces shown by SEQ ID:NO:38 and 39, and with Z-taq DNA potymerase (produced by TAKARA) using 
a DNAThermal Cycler 480 (produced by Perkin-Elmer Japan). 

[0165] PGR was perfomned for 25 cycles in which each cycle consists of reaction, steps of 20 seconds at 98*C, 20 
seconds at 55°G and 30 minutes at 72^*0. 
5 : ■ [0168] ■ The DNA fragment arifipl if led by PGR was digested with Xhol and Bam Hl and subjected to agarose gel elec- 
trpphoresjs, and then ap approximately i .2kb DNA fragment was purified by a usual method to obtain a Xhol- Bam HI 
treated DNA fragment. 

[0167] The plasm id pRI109 DNA was digested with restriction enzymes Sail and Bam Hl and subjected to agarose 
gel electrophoresis, then an approxiniately 6kb DNA fragment was purified by a usual niethod to obtain a Sail -BamHl : 

■/o^"V:-.-:trieatedpRlip9|fra^ ... ■, , ■ . ' ''--ii- 

: ; [0168] Tine above-obtained Xho l- Bam HI treated DNA fragment and Sall -Bam HI treated pRM 09 fragment were mixed, 
, and ligation reaction was carried out to obtain the recom 

[0169] Using the recombinant DNA, E.coli DH5 a (purchased from TOYOBO) was transfomned by a usual method, 
then plated to a LB agar niediiim containing 20|ig/ml kanahriycin and cultured for 1 day at.30"G to obtain the trans- 

15 formant. 

[0170] A plasmid was isolated from the transfpnn ant by a usual method, IJsing the ispiated plasm id DNA as a tem- 
plate, and using DNAs having nucleotide sequences shown by SEQ ID NOS:33, 34, 35, 36 and 37 respectively as . 
primers, the nucleotide sequences of the inserted DNA fragments wer-e determined with a DyeTemninator Cycle Se^ 
quencing Kit (produced by Applied.Biosysteni) and 373 A sequencer (produced by Applied Biosystem), and the plasmid 

20 in which the nucleotide sequence shown by SEQ ID N 0:44 was inserted between Sall- Bam HI site of pR1109, was 
named. pSYN2-39;. 

[Q^7^] The' nucleotide sequence shown by SEQ ID NO:44 contained the nucleotide sequence which encodes the 
protein having the amino acid sequence shown by SEQ ID N6;45. 

25 Example 5: Introduction of the plasmid into the C. glutamicum ATCC13032 strairi and evaluation of actiyity 

[0172] ATCC1 3032 strain was inoculated in a test tube containing 8ml of broth nnedium [20g/l nprmai broth mediurri ; 

(produced by Kyokuto Pharmaceutical Industry, Co. Ltd), 5g/l Bacto Yeast Extract (produced by Difco)] and cultured 

with shaking 30*0 overnight. Subsequently, 5ml of cells cultured overnight were inoculated in a 2L Erienmeyer tiask 
30 (bearing a buffle(s)) containing 250ml of broth mediUhi arid cultured with shkking for 4 hours at 3b?C/ The pbtairied 

culture solution was;centrifuged to precipitate the cells. Aftel; removing the supernataht,.the cells were suspended jn. 

36ml of ice^pld EPB [250mmo|/l Sucrose, l5%(vA/) glyceroi], and ceintrifuged to be precipitated; Similarly, the ceils 

were resuspended in EPB and centrifuged to be separated/and then the cells were suspended in 2ml of EPB. The 

obtained ceirsuspehsion was poured into 0.5ml t^^ 
35 cell suspension for transfohTiation. The obtained cells were stbred at a temperature below tBO**C. . :. 

■ [0173] 0.1 ml of the frozen cell suspension fortransfonnation was dissolved ph ice, retained for 1 0 hninutes at 43.5?C; ^ 
: and transferred onto ice- After 2p,l of aqueous solution containing approximately 2^.9 pRU 09 DNA was added, the cell 
■ : ; suspension was transferred to the previously iced Eco/ZGehePulser cu vet (prpduc^^^ by BioRad), and then thepNA : ' 

: wajs introduced into cells under conditions of 25^F, 200p and 1 .5kV by electroppratibn us|ng GenePulser (produced-^ : ■ 
40 by BioRad). Immediately after electroporation, total amount of the cell suspension was' moveid to a 1 5ml-test tube : 

containrng l hril of broth medium, arid cultured w 
, [0174] The bbtaihed culture.sblut|6h:^^^ cehtrifuged for 10 hriihutes at'3,500rphn'tb precipitate the cells;, Afterre-; 

moying the supernatant, the cells were suspended with addition of d.lnfij broth rinedium, then the suspension was . 

applied to a brotii agar med|um [which was isolidified with 2% Difco Agar] cohtainiriig 20[ig/ml kanamyciri and cultured 
45 for 2 days at 30'*C to obtain the trahsformant. 

[di 75] Th us, C.p/ufarn/cam AtCC1 3032 strairi hay 

[0176] As in the aboye, C.g/afam/cumATCC13d32strains having each pla^^ • 
. obtained; 

• v : [0177] The obtained transfoirnahtis wei-e Inocuiated in test tubes which contaiih irhliof broth media containing l OOti 
50 ■ . . £j/m! kanamyciri, and cultured with shaking for 24:hburs at 30'C.::The cu[ture,(^ in a test tube 

: containing 2rTil of LMC medium [in whicli separiately sterilized Glucose, MgS64, FeSP4 iyiriSQ4^w^^ a pre-; , 

LMC medium sterilized in a autoclave (NH4GI Ig/l, KH2Pb4 1g/i, K2HP64 3g/!, Difco Yeast E)rtiraC;t d.2g/l, Urea l g/l, 
:^ Biotiri 0;05rh^l, Thianiih d.5mg/l, Com Steep Liquor 10g/l; pH7.2) to the final coricehtratlori of i^S^^0^^, 2xx\^aM 
2mg/l, respectively] wherein the medium cbhta^ 
55 thecompound (VI l-a) (wherein 1=1 is Na) was added thereto to the final concentration of 300mg/l, and themixture was 
reacted with shaking for 1.6 hours at SO^G. 
.[0178] p.5ml . of; the reaction solution w^^^ 

separate the cells. The: obtained supernatant was diluted 6 to 20 times with methanol and centrifuged for 2 minutes at 




:15,0b0rpm, and then an aliquot thereof was used for HPLG analysis as in Example 1 to detect and quantify the com- 
pound (VI ll-a) (wherein 1^1. is Na). the concentration of the compound (Vlll-a) in the reaction solution calculated based 
on the quantification resuft. js shown in Table 4... 



Table 4 


Plashiid ; 


Compound (Vlli-a)(mg/l) 


pRMOa ;:; 




pSYN2-72i: 




pRIyjiB : 


■ '6^ . 


pSYN2-39 ^ 


104 v/' 



Example 6: Introduction of the plasmid into coryhe-fomi bacteria and evaluation of, activity 

15. ;:[bi79j pRIyjiB DN A obtained in Example 4 was introduced into^ Gxato^ C.amrnonlagenes 
y ATCC6872 and B.flavum ATCC1 4067 in the same manner as in the transfomiatlon of ATCC1 3032 strain. described. in 

/ Example 5, and transfonnants were obtained from each strajn. 
. .[0180] The obtained transfonnriants were respectively inoculated on 3nil of broth^m^ 

ml kahaniycin, and cuttured with shaking for 24 hours at 3()'*C, The culture (0.5ml). was transferred to a testtube 
^9 containing Sml TB medium [in vyhich 1 4g of Bacto Trypton (produced by Difcp) and 24g of Bacto Yeast Extract (produced 
by Difco) were dissolved in 9b0mi of water and sterilized in an autoclave, to which: 1 00ml PB [kH2PP4 23.1g/l, K2HPO4 
1 25, I g/I] separately sterilized in an autoclave was addefl wherein the medium contains ipO|^^^ and i Og/ 

I Glucose. and cultured with shaking for 5 hours at 30°C.;The culture (1 ml) was transferred to . an assist tulDe (produced . 
by ASSIST)i and compound; (Vll-a) (wherein R is Na) was added thereto to the final cbncehtratibri of 300mg/i, and the 
mixture was reacted with shaking for 16 hours at 30'C. 

[0181] Upon cdmpietion of, reaction, compound (Vi 11^ is Na) in the culture was detected and 

Inthe method as in Example 2. The concentration of compound (Vlll-a) in the culture calculated based on the quahti- : 
fication results, is shown in; Table 5! 

. 30 -Table's •:.^4\. : --v-;:^- V' • ...r-^, _ . 



Host Cell . 


/Plasmid 


Compound (VlJUa) (mg/l); 


aca//uAiae ATQCI 5991 (KY3510) 
C.jg/nmdn/a^enes ATCC6872 (K^ 
Si/a vtim ATCCI 4067 (KY1 01 22) 


. pRIyjiB. 
pRlyjiB-, 
pRlyjiB : 


12 ■ " 

v;.;2a -. ■ - 



Industrial Applicability. ' ; ' 

[0182] The: present Invention enables efficient production of a DNA encoding a novel hydroxylase and a compound 
inhibiting hydroxymethylglutki7l CoA (HMG-CoA) reducta^^^ and has an action of reducing sertim cholesterdi. ■ , 



Fr^etext of 


Sequence Listing 


[0183] 






SEQ 


ID 


N0:3 synthetic DNA 


; SEQ 


ID 


N0:4 synthetic DNA 


V : SEQ 


ID 


NO :5 synthetic DNA 


■ ■■■/SEQ. 


ID 


N0:6 synthetic DNA 


'seq: 


ID 


NO:7 synthetic DNA 


:.SEQ 


ID 


Nb:8 synthetic DNA: 


SEQ 


ID 


NO:9 synthetic DNA : 


SEQ 


ID 


NO-IO synthetic DNA 


SEQ 


ID 


Nb:11 synthetic DNA 


SEQ 


ID 


NO:1 2 synthetic DNA 


SEQ 


ID 


NO:13 synthetic DNA 


.SEQ 


JD 


Nb:14 synthetic, DNA 
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. SEQ ID N0;15 synMic DNA 

SEQ ID N0:16 synthetic DNA 
; SEQ ID N0:17 synthetic DNA. 

SEQ ID N0:18 synthetic DNA 
5 SEQ ID N0:19 synthetic DNA 

SEQ ID NO :20 synthetic DNA 

SEQ ID N0:21 synthetic DNA 

SEQ ID NO:22 syrithetic DNA 
: SEQ ID NO:23 synthetic DNA . 
to : , SEQ ip n6:24 synthette }: '':■'':[ 

SEQ ID NO:25 synthetic DNA ; " 

3EQ ID NO;26 synthetic DNA 

SEQ ID Np:27 synthetic DNA 
. SEQ ID NO:28 synthetic DNA 
15 SEQ ID NO:29 synthetic DNA 

SEQ ID NO:30 synthetic DNA 

SEO ID N0:31 synthetic DNA 

SEQ ID NO:32 synthetic DNA 

SEQ ID NO:33 synthetic DNA 
20 SEQ ID NO :34 synthetic DNA 

SEQ ID NO:35 synthetic DNA 

SEQ ID NO:36 synthetic DNA 

SEQ ID NO :37 synthetic DNA 

SEQ ID NO:38 synthetic DNA 
25 SEQ ID NO:39 synthetic DNA 

SEQ ID NO:40 synthetic DNA 



30 



35 



40 



45 



■ 50 



24 



: SEQITENCE LISTING - 
<:110> EYPWA HAIKO KOGYO CO. , LTD .. . 

■ <:l20> A''Process for producing HM5^CpA ' Reductase intibi tor 

>5: vf ; . <i30>. H11-0011T4 

<1dO> 45 . 

<170> Patent In Ver. 2.0 

^ ,<210> 1 ■ ■ ' 
. :'<211> 396.. ■ 

. 40 ' MetjAstt^^^^ M Arg Arg Gin: Ali;.Leu Gln' Arg aU Lei^.Leu /^^^^^ 

45 

: Gly Lys.Asn. Lys Gin Asp Ala Tyr His Pro Phe Pro Trp Tyr..Glu Ser 
^ ■ -r i^^ Lys Asp.AIa.Pro Val Ser Pte Asp Glu Glu--Asn Gli Va]:. Tr^ 



25 
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. ■ " ■■ 35 -if 40 . . ■ : : " ">;45 

Ser .Val Phe LeuTyr Asp Asp-Val Lys Lys Val Val Gly Asp Lys Glu 

50-. ■ ' -M U^^/ ' ''■■60 : /K:'-^ 

\ Leu Phe Sef Ser Cys Met Pro Gin Gin Thr Ser Ser He Glf Asn Ser 

■■■'^ /V^es- . v^J. ;■ 70- ■•■ v^.- • - 75. ■ . ■ M 

r 20 lie He AsD Met Asp Pro Pro Lys His Thr Lys He Arg Ser Val Val 

: 85 j . - W ■ ■ -.-95. 

: AsD Lys Ala Phe llTir Pro Arg Val Met Lys Gin Trp Glu Pro Arg 

, 100- .•■ ■'■JOS-. ■:'iio 

'Gin .Glu Hc Thr Asp Glu Leu. He Gin Lys Phe Glh Gly Arg Ser Glu. 

■ ■ . : ■ ■■■ ^ \e. • ■ 'i^o" ' . ■ 125;. ■ 

Phe Asp Leu Val His Asp Phe Ser Tyr Pro Leu Pro Val He Val He 

40 130 . ; ; 1:35 ■ ; . . 140 

, Ser Glu Leu Leu Gly Val Pro Ser Ala His Met Glii Sin Phe Lys Ala 

■ ■ -145 ■: ■ ; -is'o' ,[ . • 155 ' . ■ ' ' ■' leb . ... 

::■■■■ ^ : ' TrjJ Ser Asp Leu Leu Val Ser Thr, pro Lys Asp Lys Ser Glu Glu Ala 

... ' : ,; ITOj; 175 
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Glu. Lys Ala Phe Leu Glu Glu Arg Asp.Lys Gys GI.u eiu Glu Ley Ala /. 
Ala Phe Phe Ala Gly lie He: Glu Glu Lys Arg Asn Lys Pro Glu Gin 

■ ■ m '\ ; ■■ ■■ ■ ■■ ■ - ■•J'^oo ■ ■ : ^^t-W'^'' ' " 

Asp Me He Ser lle Leii Val-iGlu -Ala Glu; G^ Thr Gly Glu Lys Leu 

ZIO ■ . : 215-;: ■ ^.: :;;';;^f220:;/:- 

Ser Gly Glu Glu Leu lie Pro Phe Cys Thr Leu Leu Leu Val Ala Gly 
225 . 230 235 240 

AsD Glu Thr Thr Thr Asn Leu He Ser Asn Ala Met fyr Ser He Leu 

■ .. 245 ' :.. 250 ^.255. .. 

Glu Thr Pro Gly Val tyr Glu Glu Leu Arg Ser His Pro Glu Leu Met 

:> 260 ■■ . ; 265 • 270 ' 

Pro GId Ala Val Glu Glu Ala Leu Arg Phe hrs Ala Pro Ala Pro Val 

• ■ 275 280 /' v' ::' 285'^v 

Leu Arg Arg He Ala Lys Arg Asp Thr Glu He Gly Gly His Leu He 

290 ■ 295 -; 300 



Lys Glu Gly Asp Met Val Leu Ala Phe Val Ala Ser Ala Asn Arg Asp 
305 ■ 310 ■ . 315; ' 320 
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Glu Ala Lys Phe Asp Arg Pro His Met Phe Asp lie. Arg Arf His Pro 

• . ■ ■ ■ 5' ; ■ . 3Z5 ■ ■■■ -SSO- . ■ . . ;/ . -335 ■ ■' ■ 

' Asn Pro His Me Ala Phe Gly His Gly lie ftis: Phe Gys Leu Gly Ala 

, . ■■■g^Q-. . 345 ■ ... 350 

: 'fi; - Pro Leu Ala Arg Leu Glu Ala Asd He Ala Leu Thr Ser Leu lie Ser 

355 360 365 

Ala Phe Pro His Met Glu Cys Val Ser He Thr Pro lie Glu Asn Ser 
370 .\ 375 380 

. Val Ile::;Tyr. Gly Leu Lyl-S^r;Pbe -Arg^^^^ Lys Met 

■ <210.>.-2 ■■ 
- . : , ■<2il> 1191- 

■•■<21'3>;':Jacillu^"^ 

.<220> ■ 

• ^:...:<221>; CiiS ..; 

■ ^- ■ ' ■:<222> ( 1 ) . r(n:9i:):g:V--: 



10 



20 



25 



30 



35 



40 : 



45: 



.. ^■EP:t:::t48i22 Ar 

<m> 2 

atg aat gtg tta aac cgc egg .caa gcc ttg cag cga gcg ctg etc aat ;':48 
Met Asn Val Leu Asn; Arg Arg Gin Ala Leu Gln^^A^^ Leu fLeu Asn 

'■''1 ^ ■• 5^ " ,■ 10 . ' '-y.io ' 



; gsg aaa aac aaia cag gat gcg tat cat cog ttt cca tgg tat gaa teg 96 
75 : : Gly Ly Asn Lys Gin Asp Ala Tyr His Pro Phe Pro Trp Tyr .Glu Ser 

20 25 . 30^ • 



atg aga aag gat gcg cct gtt tee ttt gat gaa gaa aac caa gtg tgg 144 
Met • Arg Lys Asp Ala Pro Val Ser Phe Asp Glu Glu Asn Gin Val Trp .. 

35 ■ 40 ; ' ;45.' -: 

age ttt ctt tat gat gat gtc aaa aaa gtt gtt ggg gat : aaa gag • 192 
: Ser Val Phe Leu Tyr Asp Asp Val Lys Lys Val Val Gly Asp Lys Glu 

:,. .-v50: ■ . 55 : '. ■ 60 

ttg ttt- tecla^^ eag eag aca age tct att gga aat tec 240 

Leu Phe Ser Ser Cy^ Met Fro Gin Glh 'Thr Ser Ser lie Gly: Asl Ser ; 

65 - ■ ^Q.,.:. ..V'L. - - ■ . " 75 ■ 80 



^dM-vatc att aac atg gac ceg ceg aag cat aca aaa ate cgt tea gtc gtg 288 
lie lie Asn Met Asp Pro Pro Lys His- Thr Lys lie. Arg Ser Val Val 

50 ■ •85 -.'--^' '-' 90 95 - 



55 



aac aaa IgcC: ttt act ceg. cgc ^g atg aag- caa tgg gaa ceg aga att 336 



29 



10 



15 
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45 



50 



" Ash Lys Ala.Phe::.Th*>f^ ; 

; lOO,;:';,''-;. -'los;'. . : no 

caa gaa ate aea; g^^^ att caa' aaa ttt caig ggg cgc agt ga,g 384 

Gin Glii lie fhr Asp Glu Leu lle Glri Lys Pbe ffln Gly Arg Ser Glu „ ,' : 

■ ■ . , • M- ; ■ ' ■ ; ' ■ ■ . ' 125 ' ' ' 

ttt gaC: cttv^^^^ cac gat. ttt ; tca tac ccg ctt ccg gtt att gtg ata ; 432 
Phe Asp Leii Val His Asp Phe Ser Tyf Pro Leu Pro Val lie Val lie 

.130 ■ 135--'.\ ■■■-■-:;:>-140. 

;::tct gag ctg ctg gga.gtg cct tea gcg cat ;atg. gaav cag t aaa gca ' 480 
Ser Glu Leu Leii Gly Val Pro Ser Ala His Met Glu Glii -f^e . Lys Ala 
;.I45 . ; : 150 155 J60 ; 

tgg ttt git ctt ctg itc agt aca ccg aag gat aaa agt gaa gaa get 528 
TiiJ Ser Asp L^u Leu Val Ser Thr Pro Lys Asp Lys Ser Glu Glu Ala 

■ 165 " 170 ' ,V 175 

gaa aaa gcc ttt ttg; gaa gaa cga gat aag tgt gag gaa gaa ctg gee 576 
Glu Lys Ala Phe: Leu Glu Glu Arg Asp Lys Cys Glu Glu Glu Leu Ala 

■ " 180 185 " 190 



gcg ttt ttt vgGC ggc ate ata gaa gaa aag cga aac aaa ccg gaa cag 624 
Ala Phe Phe : Ala Gly lie He Glu Glu Lys Arg Asn Lys Pro Glu Gin , , . 
195 ^ 200 205 
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gat att att tct att tta gtg gaa gcg gaa gaa aca ggc gag aag ctg o72 
: Asp He lie Ser He Leu Val Glu Ala Slu Glu Thr Gly Glu Lys Leu 

■ 210 .„ 215 ■ ■ ■ 220 ■ 

tec ggt gaa gag; ctg att ccg ttt tgc acg ctg ctg ctg gtg gcc gga 720 
Ser Gly 61u Glu Leu lie Pro Phe Cys Thr Leu Leu Leu Val Ala Gly^> 
225 230 v -235 ., 240 

aat gaa acc act aca aac ctg att tea aat gcg atg tac age ata tta 768 
AsD Glu Thr Thr Thr Asn Leu He Ser Asn Ala Met Tyr Ser He Leu 
.245 : 250 ■ ■ 255 

gaa acg cca ggc gtt tac gag gaa ctg cgc age cat cet gaa ctg atg 816 : 
Glu Thr' Pre; Gly Val.Tyr GllU Glu Leu Arg Ser His Pro Glu Leu Met 
260 ■ 265 270 



; cct cag gca gtg gag gaa gcc ttg cgt ttc aga gcg ccg gcc ccg gtt 864 
Pro Gin Ala Val Glu Glu Ala Leu Arg Phe Arg Ala fro Ala Pro Val 
; 275 280 285 ' 



ttg agg cgc att gcc aag egg gat acg gag ate ggg gss eac ctg att 912 
Leu Arg Arg He Ala; Lys Arg Asp Thr Glu He Gly; Gly His Leu He 
290 295 300 

. aaa gaa ggt gat atg gtt ttg gcg ttt gtg gca teg gca aat cgt gat 960 
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Lys Glu 'Gly Asp Met Val Leu Ala Phe Val A] a Ser Ala Asn ,Arg Asp. 

305 310^: ^ ' 315^:: : ^ 

gaa gca aag ttt gac aga ccg cac a^^^^^ ate cgc cgc cat ccg ' 1008 

Glu Ala Lys Phe' Asb Arg Pro His : M^^^ JPro' , 

325 • 330 335 

.aat- ccg cat att gcg ttt ggc cac ggc ate cat ttt tgc ctt ggg gee - 1056 
Asn Pro His lie Ala Plie Gly His Gly. He His Phe Cys Leu Gly Ala ; 

■; i4^- . 350' ■ ' 



25 ccg ctt gee cgt ctt gaa gca aat ate gcg :tta,:aeg;.tct ttg att tct ;1104 

■ v..''^^^^^^^^ Glu Ala Asii lie Ala Leu Tlr' Ser-L^^ He Ser 

• ' 355.- ■ 360 ■ ■ : ^^'^ :;..;-'365/:^^^ - ^ 



- get ;ttt; cct : cat atg gag tgc gtc vagt ate act ccg att gaa aac agt 1152 
?5 . Ala Phe M^^m Met Glu Cys Val Ser lie thr Pro He Glu Asn Ser 

370 /■;■/■" " -375 ■ ■ -380 ' 



, gtg ata tac g^a tta aag a^c ttc cgt gtg aaa atg taa • 1191 
Val lie :Tyr Gly Leu Lys Ser Phe Arg Val Lys Met ■ 
385 390 395 



<21O>W:0. 
<2il> 39 



32 




■■ EPt:j48i22Ai. -^-^^^ 

■„,, :.<212> DNA 

<213> Artificial Sequence 

<zzo> 

' 'f . . <223> • Syntheti c Mk ■ ■ ■■ ■ ■ :v' 

■;. J -■ <400> : 3 ■ _ . 

tttggatccg aattcaaaag tgctggcgct gttccrttt 39 



- ' <zio> 4 

. 25 ■■■•■"<2ii> ' 

<21 3> Artificial Sequence 
:<223> Synthetic DNA 



■"" <400> -4- " ■ 

gtgggatccg tcgaccactt ttttcacgat gttcactccc c , 41 



■ <2io> ■ 5 ■■■■■ 
'}:sd ]:: "■ ■ <2ii> 39 .:■ 

<2l3> Artificial Seauence 
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10 



<220>: 

<223> Synthetic DM 



<400> 5 " " : ■ 

ccasgatcct ctagatggtg aaatggttgt tgccgctct - ■ 39 



<210> 6 ;. ■■ 

<2n> i9 

so 

<212> DNA . - 

<213> Artificial Sequence 

" 25;.;.'.: . ■ . ■. . .'■ , . . - . : - y^ ': - . . ■- 

■^C- ■'' <22o>.. ■' ' '"' ' " "..-^ ,. ' 

; <223> ■ Synthetic DNA..V . 
h <400> 6 

tcaggatccc ccgggtgagc ggcaaatcca cccaccctg 39 



<212>..I)NA- 

<2I3> Artificial Sequence 

■ SO:.;---;:- ;:: ■' :■ ... " ' ' .. '. ■ ' 



• EPi 148122A1 ■■■•t;;;;^;-.^ 

" <223> Synthetic DNA 
<4Q0> 7 

■ taagcffcgcc ccgggrttaat tggatgsgcg aaagctc i 37 



<210> 8:.' ' 
<2n> 39 
<212> DNA : 

<213> Artificial Sequence 



y['25::y.-:\r: - <220> 

;■ <223> Synthetic ■ DNA V ■ 

. <400> 8 ; ; ■ • ' . :". . . ■ 
atcgcgcgcg tcgacgatag cggcagaaaa ttggcggca ; 39 

<213> Artificial Sequence : ; ; 

■'■ :::<223> 'STDthetic. DM; 



> 



■ M-:;"- ;EP'i 148^122 Al' ■■ 

agcggatccg aattcgctgg:; aatcaaaagt cggccaga 



38 
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■■,"<212>m ' ........ .^ . - .... -., -. y:,.. 

■ x213> Artificial. S^^ 

^ <2Z0> 
<223> Synthetic M 

.• 5400> JO, 

tcaggatccg tcgactgaga aaacacaaac gccccctc 38 



35. ■ ; .•<2iO>::..h::', 
<211> 39 



<212>^-W-.- :- 

<213> Artificial Sequence V 

, <22o>- . : v. . - ""r - ... ... 

<223> Synthetic DNA 

<4qO> ll.:;:vr.'' ■ ^l:5.,■.; 
atsgsatc6f j^tta^acatgt :t^^^ rttggaatc 39 
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<21Q> 12 . 
■<211> 42- " 
<212> DNA 

<213> Art if icial Sequence 



: <220> 

.'5 r-^ <223> Synthetic DNA 



<400> 12 . . ■ : , 

ffccggatcca gatctggcat cacacaacaa taaatacacc, gc . . . 42 



<210> 13 

f-;"<2H> 39..:- ^-- V-.-^ 
. : <212> DNA^ 



■:<22d> 

AO : ;. : <223> Synthetic- m 



■.<400>\,13^/:.-; 

tctggatcct ctagaagaga acacaaagag tacgaatgc . 39 
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<210> 14 

■<2ii> 4i. ■ ,-■ 

<212> DNAv 

<213> Artificial Seauence 



: <220> v 
;»5 ■ ^ ; .. <223> Synthetic DNA 



<400> 14' 

aaaggatccc ccgggtttac cagccagcgc aacaaagtca t 41 



:<2io> 15 ■ 
<ziz>mA - ■ 

<213> Artificial Sequence 



<220>,. ■ ; 
40 <223> Synthetic DNA 



<400> -IS 

cctgaattct ctagaa^ffct ttcaccacgt attttifctg 39 



<2iO> 16 

<211> :41 
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:\ ; ■ EP;1 148122 At ■^C::;:;^'::^ 

' <212> DNA ' 

<213> Artificial Sequence 

.<220>-' ■ ■ ■ 

<223> Synthetic DNA . ' 

■<400>".16" ■ . '. . 

tctgaattcc cGggfagaac aaaatgccaa aagcctgagrtc ; 41 



. ,.:;v ,'<211>:34. 
' \.:;v.. <212> DNA 
30 ■ ■:-><2I3> Artificial Sequence 



<22p>: 

<223> Synthetic DNA 



<400> 17 . ■ 

aatactagta caattgcatc gtcaactgca tctt "H^-^\ . 34 



.<210>"18; -: 

,<212> DNA 
55 <21 3> Arti f i c iai Sequence 
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. EP 1.148 i22;Ai;: ' ' 

' <223>'.'S)Tithet]c -M^^^^^^^ 

■ <400>18' ^ 

■ gtgggatccg tcgaccactt ttttcacgat gfttcactccc^^^^^^ ' 41 



. <210> 19' ^ 
<Z11>34 : 
^ <212> :J3MA 

<2i3>. Artificial Sequence : 

...<226x- - 

<223> Synthetic DNA • 

:<4P0>. 19 

cttcaaaaga aaaaaagagt gtaa ' 34 



<210> 20 ^ 

<2li>:39 

;;^13> Art i f i c ial Sequence 

<220>.i-"^- 



40;: 



.1 



. EP i ■i48::122A1 '} 

<223> Synthetic DNA 

<m> 20 ■ ■ 

tcaggatccc ccgggtgagc ggcaaatcca cccaccctg 39 



10 



15 ' ■ <2J:0>:;21 - V 

<211> 34 ; 
\ <212> DNA 

<213> Artificial Sequence 



^, . . ^■<220> . ■ ■■; _ ■ ■ . ■ 

'<223> Synthetic DNA 

^^^^ z X :, : , ; ::34v:. . 



-<2ip> 22 

<211>;- 34. ^-'iv: 

<212> dna: 

<213> Artificial Sequence 
<?20x 

<223> Synthetic DNA ; 
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55 



V .\:-'EP. 1148 122 Ar:;::Vv/; 

ggaggtacct tatlccccirt caaacgcaac gagi 34 



;<210>-;23'' 
<211> 34 
/5 . <212> DNAv 



<213> Artificial Sequence 

.<220>i;-,. 

<223> iSynthetic DMA \ ■■ 'V 
■<400> 23 ■ - 

aggacta^c aaatggaaaa attgatgttt catc 34 



40 . :<212>DNA: 



■ <2l 3>?:Arti f i cial:? 

■^22o>- .; ■■ ■ 

<223> Synthetic ms- 
;<400> 24 

tcaggatccg tcgactgaga.aaacacaaac gccccctc 38 
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:;;':<210> 25,/; V;' 

:,<212> DNA:. 

<2i3> Ar tifi ial Sequence 

<22Q>'^t":--^ 2':-^ 

<223> Syiitbetic DNA. / , 



■<400>.25-:-'^/.. ■■ ■ 

ggtactagta aggaaacaag cccjattGct cage .: 34 



:<210> 26 
<211> 42 / 
<212> DNA : 

<213> Artificial Sequence 



■•<22o>.:;-::';:.:-\::; 

<223> Syiithe^^^ 

:;-<400>-26';" 

gcGggatcca gatctgscat cacacaacaa taaaticacc gCv:^ 42 
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10 



20 



25 



.30 -^'V 



■ 35 : ■ 



.40 



45: 



50 



55 



<2I0>'27 ■■■ 
"<211> '38; ; 
<Z1Z> DNA : 

<Z13> Artificial Sequence 



15. , : <223> Syiithetic DMA : 



<400>--27:: 

ttggatccac tagrtaatgtg ttaaaccgcc ggcaagcc 38 



•<210>' 28 
/ ■■; <2il> '.':.,;-.. 

'. .j<zn> 41 r. ■ 

: y^2l2> DNA : . ; 

■ 'v'"- ■<213>: Artif icial 'Sequence' ■ 

■■ " '<220> ■ ' i:'.:;. ' ■ ■ -' / 

<223> Synthetic DNA ■ 

k ^<m> M - • • • ■ / 

: /: -a^ ccgggtttac cagccagcgc; aacaaagtca t •-••.••.41■ 



. <210> 29 



44 




<211> 34 ' 
<212>'DNA ■;. 
. <213> Artificial Seque&ce 

■ ^ • [ <22d>' , ■ ■ . . ^ ".■ ^- ■ : ■ . ' . ■ , • ■ .... v"^ " ^ ■ 

<223> SyDtbelic DNA 

■ ? ■ <400> 29 ■■. "■■ ^ 

atgactagta aacaggcaag cgcaatacct cage 34 

, r25- <210> 30. . . 

' ■.. ■ ' ■■■';;<2ii>' 34 .■ ' ■ ' 

. ;<212> DNA ■ . ■ ' ; ■■ 
- :<2 1 3> vArt if i c lal Sequence' 

..35 . ^v::;,<220>,. : . ■ 

■V:":'..: <223> :Sj^thetic 

<40o> 3d, ^'V,;-;; ..^ . 

tttggtacct tacattcctg tcea^cgtc tttc 34 



45 



10 
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20 
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50 



■ EP-1 "148^22- Ai;;^:;:--^^>:;:;^^^ 

■ <213> Artificial; Sequence 

<220> ■ ^^ ■:;/'>:^: 

<223>.:;^ Synthetic- Mk : 

<400>- 31 : 

agcggtcgac aatgaatftg ttaaaccgc 29 



■■<210> 32 . " 
<211> 29 
<212> DNA 

<2l3>' Artificial Sequence . - . 

.^<22p>:; ■ 

<223>; Synthetic DNA ' ' ■ 
■<400>- 32 " ■ . . 

acgcggatcc : ttacattttc acacggaag : ^ 29 



45 : <2io>. 33/ : ; " 

r.^.: ■:'<2il>.:.24.V- 

" <212> DNA : : . 
■M v<213> Artificial Sequence 



55 
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10. 
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35 



' EP:1 148 Ii22 A1 , 

<22W,S3mtbetic DNA.^ 

<P>V33;;;._ 

cgccagggtt ttcccagtca cgac 24 



<210> -34 r,-: 

<2ii> 18'-' 
<2iz> MA : y 

• <213> Artificial Sequence^^::::- 
<223> Synthetic DNA ■. . ,;. 

:<40o> 34: : ... ■ ■ 

cgcaatatgc ggattggg ; / 18 



40 . : 

•■• j-^:^""-^':.- ; <2l3> Artificial Sequence 

'■"■<22fl>.:'' 
■ <223> :SyTitli;etic . ' ' : 



At 




EP 1 148122 A1 



■ <400> 35 , 



<2ib>::36; ■■. . 

::: <2ii> is 
■ <2i2> dna ; 

<213> Art if ieiar Sequence 

20 ■ - ■ 

:■■ ■■<22q>/- 

<223> SyiiTthetic DNA 

' , <400> "36-'?:-;".- v^.'; 
. taaccggoag cggstatg 



^ ; : <210> 37 . 

V-.:;.- /■ ■./■\:<212;>?:I)NA.-. 

' . <213> Artificial Sequence 

<22q> 

<223> Synthetic DM 
i<400> 37 

55 



48 
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. aaggaaacag gcgcatcc 18 

. <2I0>- 38 ■ . 

« ■ <213> Artificial Sequence ■ . 



<220> 

: <223> Synthetic, DNA 



'<400> ■38 ,,;, 

tcgcctcgag tcgraggaggt; cgactaatat^ aaccgccgtc aagccttgca 60 



^ ^ gCgagCg\.,:: J-,: '.67: 



<210> 39 . 
: <211> 28 

. <213> Artificial Sequence 

■■"'<220> \.r 

5o; V <223> Synth^ic m. : 



: : : <400> 39 

55. .- 



49 
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tcgcggatcc ttacattttc aeacgigaa ' . ; 



28 



<210> 40 ^ 
<211> 715- • 
<212>; DNA . 

<213> Artificial - Sequence ■ 



■ <220> 
v. ■■<223> Synthetic'DNA ■■ 

[ - <400> 40 ■ 

cctgcaggtc atcacGCgag caggrcgaccc gaacgttcgg aggctcctcg ctfftccattc: 6^ 

/ i:c^ accgccgcct catagtgcag tttgatcctg acgagcccag 120 ; • : \ , 

. . catgtctgcg cccaccttcg cggaacctga ccagggtccg ctagcgggcg; gccggaaggt 180 

gaatgctagg catgatctaa ccctcggtc t ctggcgtcgc gactgcgaaa tttcgcgagg 240 

gtttccgaga eig^^ gcttcgcaga tctcigtggac ggcttggttg acgccctccg 300 ; 

■■:; : "■■> cccattgggt gatggtggba ccatttggct gttgactcct ; ggtgcaggaa aacgtggaac, 360 

; - _ • tattgctcca ggtgaaattt c cgaatccgc : acaattggca ggcctcgtcc agaccaccgc 420 

agagcgtctc ggtgattggc agggcagctg cttggtcgcg ;cgcggcgcga^ tgaagaagta 480 : 



50 
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agaattafcc gaaaacacct tccagccagg cgatttgctt aagttagaag gtgtggctag 540 ' . 
tattctaa^a gtgctcatga ggaa^cggaa agcttttaag agagcatgat gcggctttag 600 
: ; 10 . ctcagictgga : agagicaactg gtttacaccc agtaggtcgg -gggitcgatc cagctgtgaa 660 : 
caattgcact ttggatctaa ttaai:ggatt aglcgactat ggatccccgg gtacc 71 5; 

20 , <ZiO> 4i:- ■ ^ ^ . 

. ..;<211> .1204 ;. 

:■ ; <2i2> DNA- .' " : 

: ; ; ■•<213> Bacillus sub^ 

/:': -^\<220> ' ' ' v ' V-Vv' '' ' 

<40d> 41:,;.. 

^ gtcgaca atg aat ftg tta aac cgc egg caa gcc ttg cag cga gcg ctg ^ 49 
Met Asn Val Leu Asn Arg Arg Gin Ala Leu Gin Arg Ala Leu 

■ 'i 5 10 

etc; aat ggg aaa aac aaa cag: gat gcg: tat cat ccg ttt cca tgg tat P7 

: . / so: - - Leu AsD Gly L/s Asn Lys %In Asp Ala Tyr His Pro Phe Pro Trp Tyr . . : : > 
15 20 . : ■ 25 30 
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50 



gaa tcs atg aga aag gat gcg cct gtt .tec ttt gat gaa.gaa aac caa 145 
Glu Ser Met Arg Lys Asp Ala Pro Val Ser Phe Asp Clu Glu Asn Gin 

^■■y...:, . Y,;; 35.-. . ... 45 

gig tgg age gtt ttt ctt tat gat gat gtc aa^ aaa gtt gat 193 

Val Trp Ser Val Phe Leu Tyr Asp; Asp Val Lys Lys Val' Val GI7 Asp 

:50- ^ / :''-::V: 55-. ; ■,. \ /.V60^ ■ 

aaa gag. ttg ttt tccvi^^ atg.ccg: cag.eag.aca a^c tct att ggai. 241- 
Lys Glu Leu Phe ..Ser Ser Gys Met Pro Gin Gin Thr Ser Ser lie Gly ■ - 

^/y-/ ; ,6.5V ; .70 "■ ^ -75 ■ . : / ^ 

aat tec ate att aac atg gac ccg ccg aag cat aca aaa ate egt tea 289 
Asn Ser lie He Asia Met' Asp Pro Pro Lys His, Thr .Lys i;!^ 

. 80 ■ 85.:"- ■ :,\- W-.'\ >yr::^^^ 

gtc gtgla^c^ ccg egc gcg atg aag caa tg^^^^^^ ccg; .337 

Val Val Asn Lys Ala Phe thr Pro Arg Ala Met Lys Gin Trp Glu Pro 

■95'. lOO:- -los,. \\'^--^^[m-.: 



40 : aga att caa gaa ate aca gat gaa ctg att caa aaa ttt cag ggg egc 385 

■ : Arg ;Ik ^Gln te^ Gin Lys Phe Gin Gly Arg ■ ;, 

-/^IV^: 115,' " ]k ■ 12^ 



agt gag ttt gac ctt gtt cac gai^ :ttt tea tac/c 433 
S^^^^^^^ Phe ; Asp\Leu::M Phe S^r Tyr P^-o' Leu Pro Var# ; / 

■ 130 - ' . 135 ^ ' ■ ■ 140 : ■ ' ' ■ . 



52 
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gt^ ata tct gag^ ctg ctg g5B. gtg cct tea gcg cat a cag ttt 481 

^ Val He Ser Glu Leu Leu Gly. Val Pro Ser Ala His: Met Glu Gin Phe 

145 150 , 155 . /■ 

7?, .... . :. . aaa gca tgg. tct gat ,ctt' ctg.gtc agt aca ccg aag gat raaa^^^a^ gaa . 529 
Lys Ala Trp Ser Asp Leu Leu Val Ser Thr Pro Lys Asp Lys Ser Glu 
160 165 : 170 : 



15 



. 20 



gaa get gaa aaa gcc ttt ttg. gaa gaa cga gat aag;Hgt ^g^^^^ gaa 577 
Glu Ala Glu Lys Ala Phe Leu Glu Glu Arg Asp- Lys Cys Glu Glu 
175 • : ISO 185 190 



ctg gcc gcg ttt ttt gcc ggc ate ata gaa gaa aag cga aac aaa ccg 625 
. Leu Ala Ala Phe Phe Ala Gly lie He Glu Glu Lys. Arg Asn-Lys.Pro 
195 200: 205 



30 



'■■ 35 



■gaa cag gat att att tct att tta gtg gaa gcg gaa : gaa aca ggc gag • 673 
Glu, Gin -Asp I ie Ile.Ser 1 1 e Leu .Val Glu Ala .Glu Glu Thr Gly : Glu . 

' •:' /'m^-''-^'-^ \4 , -215^ ■ 220 ■ 



40 .;. aag ctg: tec :ggt gaa. gag ctg att ccg ttg tgc acg ctg ctg ctg gtg; 721 
Lys Leu Ser : Gly Glu Glu Leu lie Pro Leu Cys Thf Leu Leu Leu Val 
225 230 ; 235 



45 



50 



gcc gga aat gaa acc act aca aac ctg att tea aat gcg: atg tac age 769 
Ala Gly Asd Glu Thr Thr Thr Asd Leu lie Ser Asn Ala Met Tyr Ser 

- ■ ■ ■ : 240 " ■ . 245 .. : . • 25G ^ 

ata tta gaa acg eca .g gtt ;tac _gag gaa ctg cgc age cat cct gaa 817 
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He L2U Glu Thr Pro; Gly Val Tyr 'Glu Glu Leu Arg Ser His Pro Glu . 
•255- ■'^:iZQO ■ • - ■■Zefv ;-o27()- :^ 

ctg atg cct cag: gca gtg gai? ffcc ttg cgt ttc aga gcs; ccg gcc ■ 865 
-Leu' Met Pro ' Gin Aii-^^^^ Glu AJavLeu Arg Phe #g Ala Pro ^AlW ; ^ ■ 
-; ZTo-- .../ ZSO -; 28i 'V-, :. 

: ccg ftt ttg agg cgc att gcc aag egg gat acg gag ate ggg ggg cac 913 
Pro Val Leu Arg Arg lie Ala Lys Arg Asp Thr Glu lie Gly Gly His 

. / .2^^^^^^ / - 295 - .^^^ - 300 

ctg att :;aaa gaa ggt gat atg gtt ttg gcg ttt gtg gca teg gca aat 961/ 
Leu I le .Lys Glu Gly Asp Met ::;Vai Leu Ala Phe Val Ala Ser Ala Asn ; 

305 i ■ : ;■ 310 ■ V . - 315 ^ 

cgt gat gaa gca aag ttt gac agaiccg. cac atg ttt gat atc: cgc cgc : 1009 
itAirg Asp Gla Ala Lys Phe Asp Arg Pro His Met^Phe Asp lie Arg Arg 

V v;; 320 : : 325 . 330 ■ 

cat ccc aat dcg cat att gcg ttt ggc cac ggc ate cat ttt t 

His Pro Asn Pro His He Ala Phe Gly His Gly He His Phe Cys Leu 

'335 - ■': ■ ■■■340;; ■ -^5. ;:;;/ vu ;;:/'35o:' ; 

■ggg gee ccg ctt .gCG: cgt;.ctt gaa gca aat ate gcg tta acg tet ttg : 1105 
Gly Ala Pro Leu Ala Arg Leu Glu Ala Asn He Ala Leu Thr Ser Leu 

' 355 ■.■ ; 360 : . ■ : - ■ 365 ■ . 



att tct get ttt cct cat atg gag t^c gtc ^ ate act ccg att gaa 
He Ser Ala Phe Pro His Met Glu Cys VaJ Ser He Thr Pro He Glu 



1153 
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370 ■ ■■■:375-V-. ■ 3S0' -^'.y/- ■ 

. aac .aft gtg ata tac igga tta aa^ age ttc cgt gtg aaa atg taiggatcc 1204 
;. ■ AsD Ser Val lie Tjr Gly Leu Lys Ser Phe Arg M 

: i ,,385 . 390,,,:;-;:; ; ' - : . 355-- ^ ' '^r''-'' 

^ <212> PEr ; > ' . 

: ^ ^ ^<213> EacUlussubtilis ■ 

;■ . . . <400> ,42 ■ , . ' ■ . / ' ' ■ ' ^ ; " . 

' t Met Asn Val leu Asn hrg Arg GId Ala Leu Gin Arg Ala Leu Leu :Asn 

^ Gly Lys Asn Lys Gin Asp Ala Tyr His Pro Pbe Pro Trp Tyr Glu Ser 
\; 20 25 30 

^ Met Arg Lys Asp Ala Pro Val Ser Phe Asp Glu Glu Asn Gin Val Trp : 

■ : „ ,, ; , ■. ' . .35, ■ ., ■ , . 40; .. . ' > v.-,,.;, ;.. ':■ 45, ....,.„.■•■ 

: Ser Val Phe Leu Tyr Asp Asp Val Lys Lys Val Val Gly Asp Lys Glu 

;;V50- ^:55:, , 60 ■ 

Leu Phe Ser Ser Cys Met Pro Gin Gin Thr Ser Ser He. Gly Asn Ser 

65 70 ; ;75 [ 80 ... 
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JJe lie Ash net. Asp Pro Pro Lys His Thr Lys lie krg Ser Val VaJ ; ^ 

'/■^ --^^-^i^ J ;----85;'-:-^'V 90^. ■ -..as : 

I : . r ': Aso Lys Ala Phe Thr Pro Arg Ala Met Lys Gin Trp Glu Pro krg lie 

^ , ■ - 100-- v. :: '^^.^ ■■ lOS -. ': ■ -.. : ' ],^ -. nO . y\. ;• ■ ■' 

. Sin Glu lie Thr Asp Glu Leu He Gin Lys Phe G Id Gly Arg Set Glu 

■ - ij5 120 - . 125- ■ 

: ^Pbe Asp Leu Val His Asp Phe Ser Tyr Pro Leu Pro Val lie Val lie :- 

■ . : . 130 :/:"': : .; ■;. i4d ■ ■ 

; ; : ^ Ser Glui: Leu Leu Gly Val Pro Ser Ala His Met Glu Gin Phe Lys Ala : ; 

.i40: ' ^ ^ ^:.: ;: i5O\ : 155 . . 160" 

: : Trp.vSeF: Asp: Lea :Leu V^l iSer Thr Pro; Lys Asp Lys, Ser Glu ;:Glu .Ala:. .: 
Glu Lys Ala Phe Leu Glu Glu Arg Asp Lys : Cys Glu Glu Glu Leu Ala; 

-'.ISO' ■■■■ .--^ -'^'^^yj^Kym::^^^^^^^^ 

•F-fe^^^^^^^ Phe Ala Gly, lie ile';;Glu Giu Lys Arg Ash' Lys Pro Glut :Gln5 ;■ ■ . 

l,^ 1 95 :; ■ / 200 ; . 205 ; : , 

■ Asp lie He Ser lie Leu Val Glu Ala Glu Glu Thr Gly Glu Lys leu 

50 : .'210' ■ : ' ;F..215'V::' .■, .,220^ . . 

Ser. Gly Gly Glu Leu lie Pro Leu Cys Thr Leu Leu Leu Val Ala Gly 

^; . ;};■■ 225 ■ : ■\ ' ■ ■;:-:v:230";; ZZ5 ' 240 
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: Asn Glu Thr thr Thr Asn Leu lie Ser Asn Ala Met Tyr Ser lie Leu 

'.250^ . 255 ' 

Giu Thr Pro Gl7 Val Tyr Glu Glu Leu Arg Ser His Pro Glu Leu Met 

261). " ■ r'y-^i ■ 265 ■.; : ■■. . ,270- 

Pro Gin Ala Val Glu Glu Ala Leu Arg Pbe Arg Ala Pro Ala Pro Val 
V 275 . .. 280: - . ' 285 . . 

Leu Arg Arg He Ala Lys Arg Asp Thr Glu lie Gly Gly His Leu lie 
■ '■ ^290 ^ 295 ■■ '^^Od;': 

Lys Glu Gly Asp Net Val. Leu Ala Pbe Val Ala Ser Ala Asn Arg Asp 

305 • ^ . ,- 3 : : : / 315 . 320 : 

Glu AiafLys-PIie Asp Arg Pro His Met Phe Asp He Arg Arg His Pro 
325. ■. " 33.0 V '335 ":' 

::Asn Pro His .rie AkiPhe Gly Eis GI7 lie His Phe::G^^^^^ 

.■V340^..' 345 ■ ^ •. : ■ .'. 350.. 



Pro Leu Ala Arg Leu Glu Ala Asn lie Ala Leu Thr Ser Leu- He Ser 

. 355.: . ' . . .. ... "360 ., 365 . ' 



.50 



Ala Phe Pro His Met Glu Cys Val Ser He Thr Pro He Glu Asn Ser 



m ■ 375 380- 

55 Val lie Tyr Gly iLeu Lys Ser .Phe Arg Val Lys Met 
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385 390 ■ 



■ ■<210> ;i3 ■ 
. '5. <213#3acill^^ 

'.. ctcgagtcgaiggaggtcgac.taat atg aac gtt etg aac cgc cgt caa gcc ' .^t 
: V i Met Asn V^lvLeu Asd ;Arg Arg Gk Ala' 

ttg cag cga gcg ctg ctc aat ggg aaa aac aaa cag gat - gcg tat cat 99 ' 
Leu Gin Arg Ala Leu Leu Asn Gly Lys Asn Lys Gin Asp Ala Tyr His 

io >• /-..J:- .IS-.;- ■ 20 ■'■■•.25 • 



^3 . ccg ttt cca tgg tat gaa teg atg aga aag gat gcg cct gtt tec ttt 147 
: Pro Phe- Pro Trp Tyr Glu Ser Met Arg Lys Asp Ala Pro Val Ser Phe 

■ ■ ■ ■ . 30 ' ■ ■ . \ AO 

^^^■v v^^^^^^^^^^ .gaa gaa aac. caa: gtg tgg: agc: g^^^^ ttt' ctt tat gat gat gtc aaa.: s 195. 
V /'' -Asp Glu Glu Asn Gin; Val Jrp Ser Val; Phe Leu Tyr Asp Asp Val Lys ; ■ 

. 45 •;>•■'.::.;•• 50 55 : 



-3 
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aia gtt stt ggg gat aaa gag ttg ttt tec agt tgc atg ccg cag cag ; 243 
J :L7s Val Val Gly Asp Lj^s Glu Leii Phe; Ser Ser Cys Met Pro Gin Glh ^ 

■■ 60- ■;;::;> 5o 70 

: ■ : aca age tct att gga; aat tec ate att aac atg gate ccg ceg aag cat 291 
Thr Ser Ser lie GI7 Asn SeE lie lie Asn Met Asp Pro Pro Lys His 
75 80 85 

aca aaa ate cgt tea gtc gtg aac aaa gcc ttt act ccg cgc gtg itg 339 
20 Thr Lys He Arg Ser Val Val Asn Lys Ala Phe Thr Pro Arg Val Met 

90 ■' 95;: 100: : 105 ■ 



25 



30 



aag caa tgg gaz ccg aga att caa gaa ate aca gat gaa etg att caa 
Lys: Gin Trp Glu Pro Arg lie Gin GIu He Thr Asp Glu Leu lie Gin 
'110 .115 .: . :;120 . . ■ 



387 



35 



aaa ttt cag ggg egc agt gag ttt gae ett gtt eac gat ttt tea tac 
Lys Phe Gin Gly Arg Ser Glu Phe Asp Lsu Val His Asp Phe Ser Tyr 
125 . 130 : 135 



435 



40: 



45 



ccg ett ccg gtt att ftg ata tct gag ctg ctg gga gtg cct tea gcg 
Pro Leu Pro Val lie Val lie Ser Glu Leu Leu Gly Val Pro Ser Ala 
140- -'i^'^ 150 



483 



50 : 



cat atg gaa cag ttt aaa gca tgg tct gat : ett; etg gtc agt aca ccg 
His Met Glu Gin Phe Lys Ala 7rp Ser Asp Leu Leu, Val Ser Thr Pro 
155 160 165 



531 



55 
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azg gat aaa agt gaa gaa get gaa iaaa gccittt ttg gaa gaa cga gat ■■■■■ 579 
Lys Asp Lys Ser Glu Glu Ala Glu Lys Ala Phe Leu Glu Giu Arg Asp 

170 ■ . . 175 : . . 180 : 185 

aag tgt gag gaa gaa ctg gcc gqg ttt ttt gcc ggc ate ata ga^ gaa ^ 627 
Lys Cys Glu Glu Glu Leu Ala Ala Phe Phe Ala 61y He lie Glu Glii 

; ^. y : 190:- ,.; 200 ' . 

aag cga aac aaa c eg gaa cag gat att att tct att tta gtg gaa gcg 675 
Lys Arg Asn Lys Pro Glu Gin Asp He He Ser lie Leu Val Glu Ala 

. 205' • m . ■' . 215 .:■: 

^gaa gaa aca ggc gagaag ctg tec ggt gaa gag ctg att ceg ttt tgc 723 
?jGiii' Glu Thr Gly^^G^ Ser Gly Glu Glu LeU He Pro Phe Cys 

^ :-220 ^ 225-^ 'n.'. \2'30 ■■■ 

aeg ctg ctg ctg gtg gcc gga aat gai ace act aca aac ctg att tci 771 . 
Thr Leu Leu Leu Val Ala Gly Asn Glu Thr.Thr Thr Asn Leu He Ser • 

■ ; ■ -": ::240.. ^" ; . - -245 : 

aat gcg atg:.tac age ata tta gaa acg cea g^c gtt tae gag gaa ctg 
Asn Ala Met Tyf Sef He Leu Glu Thr Pro Gly Vai tyr Glu .Glu Leu 
250 : ; 255 V 260 / 265 

■ cgc: age cat cct gaa; ctg atg cct cag gca gi^ gag gaa gee ttg cgt 
■Arg Sen His Pro ;61u Leu Met Pro Girt Ala Val Glu Glii Ala Leu Arg 

■ ■ '■■ ■ 27p,r ; ■ , ;-275'.; ■ ; . / 280 



819 ■ 



867 



ttc aga gcg ceg gcc cdg gtt ttg agg cgc att.gcc aag egg: gat a;cg 
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EP1 148 122 A1 



10 



15: 



20 



25 



30 



35 



40 



45 



Phe Arg: Ala Pro Ala Pro Val Leu Arg Arg He Ala Lys Arg Asp Thr 

- ■•285 290 ^ ■ ^,..';:^^\295 :/::,;;:v-: ■ 

gag ate ggg ggg cac ctg att aaa gaa ggt gat atg gtt tt^ ttt 963 
Glu IleGly Gly His Leu He Lys Glu Gly A^p^Meti^ 

■300.. " 305- ' ■ 

fftg gca teg gca aat cgt gat gaa gca aag-ttt gac .agaCecg eac atg 1011 
Val Ala Ser Ala Asn Arg Asp Glu Ala Lys Phe Asp 'Arg Pro His Met 

315 . ■■ 320.. ■ ■■■.■•::■=■■■•■::.. ; 325>-:'-' 

, ttt gat ate cgc cgc eat cce aat ecg eat att geg ttt ggc eae ggc 1059 
Phe Asp lie Arg Arg His Pro Asn Pro His He Ala Phe Gly His Gly . 

330^^^^^^^^^ r 3 : 340 345 

ate cat ttt tgc : ctt ggg so c ccg ctt gcc cgt ctt gaa gca aat ate 1107 ; 
,rie His Phe Cys Leu Gly Ala Pro Leu Ala Ajrg Leu. Glu Ala Asn Me 

■ 350 ■ - 355,\.:..;.;; ..^ ■ -. 360 

: gcg tta aeg tct ttgOatt tet get ttt eet eat atg gag tgc gte %t 1155 
Ala Leu Thr Ser Leii lle Ser Ala Phe Pro His Met Glu Cys Val Ser 

365 ; " 370 ■ ■ 375 



ate act ccg att gaa aac ajt gtg ata tac gga tta aag age ttc cgt 1203 
: lie Thr Pro lie Glii Asn Ser ;Val He Tyr Gly Leu Lys Ser Phe Arg 

50 385 390 ; 



gtg aaa atg taaggatcc . 1221 
Val Lys Met. 
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■ ■■,<210> 44 ... 

<2ii> I22i"\'. -^^^^ 

J .<212> DNA : 

15 <21 3> Baci l.lus silbt i 1 i s 



■ " v<22i>:;CDS;:^v:.- ■ ■ ■ 

<22Jy,:C^^^^^^^^^ 
.. .... <400>,44:..- 

25 ctcgafftbga- ggagrtcgac taat atf aac gtt ctg^ 51 

: Met Asn Val Leu Asn Arg Arg Gin Ala 



ttg ccg cga gcgvctg etc: aat ggg iaa aac aaa cag gat gcg tat; c ,99 
Leu Pro Arg Ala Leu Leu Asn Gly Lys Asn Lys Gin Asp Ala Tyr His; . 



':4o:. ■ ' ccg ttt . cca : tgg tat gaa teg atg aga aag gat gcg cct gtt tec ttt 147 
Pro Phe Pro Trp Tyr Glu Ser Met Arg Lys Asp Ala Pro Val Ser Pbe 

30 35 ' ■ ' ■ 40 ' . 



gat gaa gaa aac caa gtg tgg age gtt ttt ctt tat gat gat gtc aaa 195 
Glu Glu Asn Gin Val Trp Ser Val Phe Leu Tyr Asp Asp Val Lys 

45 ^vv\:; ■■50 ^ ^ : v/: '^ - 55 ■ 



aaa gtt gtt ggg gat aaa gag ttg ttt tec agt tgc atg ccg cag eag 343 
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Lys Val Val Gly Asp Lys Glu Leu Phe Ser Ser Cj's Met Pro Gin Gin 

60- 0 '^^ ' ■■■/l^^r-t j/'-jo^-.: : ■ 

aca age tct att gga aat tec ate aitt age a.Xg gae ccg ccg aag cat 291 
Thr Ser Ser He -Gly Asii Ser lie He Ser Met Asp Pro Pro Lys! His 

• ■ • ■ 75 - ; SO : '^ ] ■■■■a'"--::«5 , V 

aca aaa ate cgt tea gtc gi;g aac aaa gee ttt a^ cgc gcg atg 339 
Thr Lys lie Arg Ser Val Val Asn Lys Ali Phe Thr. Pro Arg Ala Met 

: 90 : ■ . • / - 95 100 ,^ v^^^^^^ 105 



aag caa tgg gaa peg aga att caa gaa ate aca gat gaa ctg att caa 387 
Lys Gin Trp Glu Pro Arg lie Gin Glu He Thr Asp Glu Leu He Gin 

■ 110 •;■ . J' ■ 120 - 

aaa ttt cag ggg cgc agt gag ttt gac ctt gtt cac gat tat tea tac 435 
iyis Pie Gin Gly Arg. Ser Glu Pbe Asp Leu Val His Asp fyr Ser Tyr 
125 130. 135 

ccg ctt ccg gtt att gtg ata tct gag ctg ctg gga gtg cet tea- gcg 483 
Pro Leu Pro Val; |le Val lie Ser Glu Leu Leu, Gly Val Pro Ser Ala ' 

■ 140 ■ , /;/ ;^; V:%145^ . ; 150 , ' < 

eat atg gaa eag ttt aaa gca tgg tct gat ctt ctg gtc agt aca ccg 531 
His Met Glu Gin Phe Lys Ala Ti^p Ser Asp Leu Leii Val Ser Thr Pro 

; 155--V : ; ■■■ ■:. 160 165. 

aag gat aaa agt gaa gaa get gaa aaa gee ttt ttg gaa gaa cga gat 579 
Lys Asp Lys- Ser Glu Glti Ala Glu Lys Ala Phe Leu Glu Glu ,i*rg; Asp ■ 



EP1 148li22 Ai 



J 70 



175 



180; 



185 



aag tgt gag gaa gia. ctg gcc gcg ttt ttt gcc ggc ate ata gaa gaa 627 
Lys Cys Glu Glu Glu Leu Ala Ala Phe Phe Ala Gly He lie Glu Glu ■ 

■ . 190 V 195 . . ■ - v 200 

aag cga,; aac aaa ccg gaa. cag gat att att tct att tta gtg ga^ gcg 675 
Lys Arg Asn Lys Pro Glu Gin Asp lie lie Ser He Leu Val Glu Ala 

■ ■ 205 : 210 'v: ;:^:>^;;: -'. 215 

git gaa aca ggc gag aag ctg tec ggt gaa gag ctg att ccg ttg tgc 723 
Glu Glu Thr Gly Glu: Lys Leu Ser Gly Glu Glu Leu He Pro Leu Cys ■ 

220 ■. 225 ; .... 230 



acg ctg ctg ctg gtg gcc'gga aat gaa acc act aca aac ctg att tea 771 
Thr Leu Leu Leu Val Ala Gly Asn Glu Thr Thr Thr Asn Leu He Ser 
C: 235 ■ ' . 240- v"^^ • ^ Z45 ••. 



aat gcg atg ttc agc.ata tta gaa acg cba ggc gtt tac gag gaa ctg 819 
Asn Ala Met Phe Ser lie Leu Glu Thr Pro Gly Val Tyf Glu Glu Leu 
250 ' 255 • 260 265 

cgc age cat cct gaa ctg atg ccc cag gca gtg gag ga^ gcc : ttg cgt 867 
Arg Ser His Pro Glu ;Leu Met jPro Gin Ala Val Glu Glu Ala Leu Arg : 
270 275 280 



ttc aga gcg ccg gcc ccg gtt ttg agg cgC: att gcc aag egg gat acg 915 
Phe Arg Ala Pro Ala Pro Val Leu Arg Arg He Ala Lys Arg' Asp Tnr 
285 290 295 ■ : : ■ 
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gag ate ggg :ggg cac ctg att'aaa gaa ggt gat acg gtt ttg gcg ttt 963 
: Gltj ;lH:iGl^^^^^^ His Leu Il^'lys Glii Gly >sp Thf Val I^u; Ala Phe 

: : : 300 ^ 305 : 310 

gtg igca tcgj gca aat cgt gat gaa gca aag ttt gac aga;; ccg cac atg 1011 
Val Ala Ser Ala Asn Arg Asp Glu Ala Lys Phe Asp A^^^^ Met . ' ■ 

: 315^^^> : 320 325 

ttt gat a cat ccc aat ccg catvatt gcg ttt ggc cac ggc 1059 . 

Phe Asp -lie Arg Arg His Pro: Asn Pro His; i 1 e, Ala Phe ; Gly Hi s Gly 
330 335 340 345 



ate eat ttt tgc ctt ggg gcc ccg ctt gee :egt ctt ygaa: gca aat ate 1107 
30 lie Hi s Phe Cys Leu Gly Ala Pro Leu Ala Arg Leu Glu Ala: Asn lie 

• 350 ■ . 355 . 360 :.. . . 



: gcg tta acg tct ttg att tct get ttt cct cat atg gag tgc gtc -agtC j: j;^ 
Ala-Leu Thr Ser Leu lie Ser Ala Phe Pro His Met Glu Gys Val Ser. :. c 
: 365: : ■ " 370 . ■ 375 . 



'/ , ate act ccg att gaa aac agt gtg ata tac gga tta aag age ttc cgt 1203 
45 ..... : I le Thr Pro;I le Glu Asn ; Ser Val lie. tyr Gly Leu Lys Ser Phe Arg 
380 : 385 390 



gtg aaa atg taaggatcc : . . 1221 

Val Lys Met 

: : 395 .^'V/' 
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■ <210> 45"- 
■5 ■ <Zli> 39&-r . 

■ '■<212> P£T V ■■' '.^ '^^^^^^^ 
c V <213> Bacillus subti l is 

<4p0>:45 

/v:v- ^Met Asn Val Leu Asn Arg Arg Gin Ala Leu Pro Arg Ala Leu Leu Ash 

■ . ■ :/.5 ■ \: 10 . ■ 15. . 

Gly Lys Asn Lys Gin: Asp Ala Tyr His Pro Phe Pro Trp; Tyr Glu Serj 
20: ■ 25. 30 

■■25,. ■ A x:; ■'■ . . ,, ,.[. : ' , ; ; ' :.. . ■ ■ . . ,. : : . -. . . , 

■ Met Arg Lys Asp Ala Pro Val Ser Phe Asp Glu Glu Asn Gin Val Trp 

■ 35 - ; ■; 40 . 45 

Ser Val Phe Leu Tyr Asp Asp Val Lys Lys Val Val Gly Asp Lys Glu 

■ '■■ .SO.;::';.:.'.. ■ ' .. ■ 55:'. ■ "ep- ■• 

; Leu Phe Ser Ser Gys Met Pro Glii Gin Thr Ser Ser IleVGly Ain Ser 

■40 : . 65. ' . . ;. .70 /■ 75. ' :. - ; , . .: 80 

: He He Ser Met Asp Pro Pro Lys His Thr Lys He Arg Ser Val Val 

■■'•'••y -^-^ 85- ■■-'^90' 95' 



Asn Lys Ala Ph6 Tiir Pro Arg Ala Met Lysl Glii Trp Glu Pro Ai-g He 

. 100 . . - lOS - M: ' -llO \ 



55 
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Gin Glu. lU Thr Asip M ieii lie Glhilys Phe Gip Gly Arg Ser Giu 

S''-: .• 115 120 ^ r.: ■■■125 

- Phe Asp Leu Val His Asp Tyf Ser Tyr Pro Leu Pro Val lie Val lie 

, 'o:y " ^ : Z:^ ; . .j,3o ■■ : ■ ■■■ : 'i . •■ ■ iiaS- - Jj;. . ' 140 ■ ■ ■ ' ■ ^ - 

Ser Glu Leu Leu; Gly Val Pro Ser Ala Hi^ Met Glu Gin Phe Lys Ala 

15 ■/ ■; .■■ v:>':-^^' ■■ ■■ :■.■.■■•:::■•::■/■<„..> ■■..■■■■ ■■■■■:■•.■:■.■,■■..■..■;■ '■■^ '■ r ■,.••:■■;■ r i/.- . 'c.'.. o .: .-;:..■■•■,■, ' 

•: 145.:; ^;-.■:■:;::.;v:• 150 • ;: 155 .■...•:.■■,•■■;•■ 160 ' 

20 Trp Ser Asp Leu Leu Val Ser Thr Pro Lys Asp Lys Ser Glu Glu Ala : 

" . ■ les '; i7o:V:v 

Glu Lys Ala Phe Leu Glu Glu Arg Asp Lys Cys Glu Glu Glu Leu Ala 
180 185 ' 190 

30 : ■■.■■/■ :.■..;■■■■■■.■■.■■, :-:.■■;■ .. ' ■ "'■.■■:..■■•., ^ ■■-/■.■:■: ;■■''■ ■ :^, V, ■■;;:■;.■:::.: ..i^ 

Ala Phe Phe Ala Gly; lie lie Glu Glu Lys Arg^ Asa Lys Prp Glu Gin; 

195 '■- '■[■''■ ':■■ 200 ' ■ ' ■ 205 

35 ■;■ V. ■ . ■.■:.."...■.■:.;.". ":■-' ■. ■ :;■;.. .■ ■ -: ■ - .■ .. 

■ Asp He lie Ser lie Leu Val Glu Ala Glu Glu Thr Gly Glu Lys Leu 

210 . 215 . . : - . 220 ' 

40 , .■ ■ :■■■■:;■■:■::•;.:■-;■.■■"■''■:"' '-^^ ■ . ' : ■ ^ ■ . ■■ ■. ." . ,■ . , . ■ ■■■,:.. "■ '■ 

Ser Gly Gly Glu Leu ile Pro Leu (Vs Tlur' teuiieu: L^^ Val Ala Gly 

■ ■ ■• . 225 230 ' ■' . ^235^^'V4?: -... ■■■ : 240 

: Asn Glu Thr Thr Thr \Asn Leu lie Ser Asn Ala Met Phe Ser lie Leu 

50 : . : 245.' / 250 ' . 255 

Glu Thr Pro Gly Val .tyr Glu Glu Leu Arg Ser His Pro Glu Leu Met 

.. ■ ;. 260 : ;265 . - 270 



. ■■■ -V:; ■ . V ■^'-^-/.'y:.^- - ■■■,' : ■ • ■■■■ ■ ■■;■■■ 

67 .-"..■^■: ■::■:'"■■'■: >;■■ '--'■ --■:/ ■ 
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Pro Gin Ala Val Glu Glu Ala Leu Arg Phe Arg Ala Pro Ala Pro Val 
275 V 280 285 



. ■ Leii Arg^;A^^^ Ala Lys Arg Asp Thr Gk lie Gly .Gly Eis Leu Me 

29o:'^-. V '295 ■ \ . :m " ■ 



Lyf Glu ::Gly Asp Thr ; Val Leu ; Ala Phe Val Ala- Ser Ala Asn Argi Asp 
305 310 : V 315 320 

/Glu Ala Lys I^e. Asp. A^^ Phe Asp lie Arg Arg His Pro 

325 ':^ -vV-vsao. " .1 335 ' 

AsD Pro Hi^:^4 Ala Phe Gly His Gly:%^^ Phe Cys Leu :Gly Ala: 

340; ■ . 345 ' -v -350 ■ 

Pro Leu Ala, Arg Leu - Glu Ala Asn He Ala Leu Thr Ser Leu He Ser 

355 360 ; 365 



Ala Phe Pro fiis' M^t.GlSC^ Val Ser lle Ttir Pro lie -Glu: AsnVSe^ 
370 375 380 



Val lie Tyr Gly Leu Lj^s Ser Phe. Arg Val Lys ;Met 
385 390 • 395^ 



:-5o e!aims;Vv.;;,.-v:- - ■ ■;■ 

1. Aprotein which is deriyed f^ belonging to the genus Bac/Z/us, and activity, of producing 

connpound;(li-a) or compound (ilrb).from compound (Ira) pr compound (li-b),;i 
wherein tlie coriiiDound (l-aj is a comjDOund represent 



68 




EP1 148 122 A1 




'5 ; wherein R' represents a hydrbgen atom, a substituted or unsubstjtuted alkyi; or an alkali nrietai, and R2 rejD resents 
a substituted or unsuipistltuted alkyl/or a substituted or unsubstrt^^ 

the compound (l-bj is a lactone fomi of compound (l-a) and is represented by the fomriuia (l-b): 



20 



25., 




30 



wherein R2 has the same definition as the above; 

the comppund:(ll-a) is a compound represented by the.fonnula (ll-a): 

:55: . . ' '■■■yy.. . ...... : 



40 




wherein Ri and R2 have the same definitions as ^^^^ 

the compound (ll-b) is a lactone form of comjsound (ll-a) and is represented by the fomnula (ll-b): ; 



55 ■ 
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10 




(ii-b) 



15: 



::wherein^^ . .. 

2, A protein which is derived from a microorganism belonging to the genus Sac///us, and has an activity of producing 
. compound (IV-a) or cornpound (IV-lp) from compoun 
wherein the cbrhpbuhd (lll-a) is a confipound represented by the formula (lil^a): 



20 . 



25 



30 




(Ill-a) 



wher'eih represents a hydi'ogen atom, a substituted or unsubstituted allcyl, or an all<ali metal, and R2 represents 
55 : asubstitutb^^^ 

the compound (l|l-b) is a lactone fpnri of c^ 



40 



45 




I H 



...OH 



(Ill-b) 



50 



wherein has the same definition as the. above; . 

the compound. ( I V-a) is a compound represented by the formula (IV-a): . 
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# 



10 




av-a) 



15 



20 



25 



wherein and R2 have the same definitions as the above; an 

the compound { I V-Id) is a lactone fonn of compound (IV-a) and is represented by the fomriula (!V-b): 




dv-b) 



wherein R2 has the sarne.definition as the above. 

3. A protein which is derived from a microorganism belonging to the gen lis Badllus, and has an activity of producing 
30 . cbmp6uhd (Vl-a) or compound (Vl-b) fro 

■ wherein the compound (V-a) is a compound represented by the formula (V-a): .. .: 



. 35 



40 , 




(V-a) 



45 wherein R*" represents a hydrogen atom, a substituted or unsubstituted alkyl,: br an alkiali metal; 

: the compound (Vrb) is a lactone forni of compound (Vra) and is represented by the forrniila (Vrb): 



50 




(V-b) 
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thecompouhd (Vi^a) is a compound represented by the formula (VIra): 



10 




(yi-a) 



15 



wherein R"' Has the same definition^ 

the compound; (Vl-ip) is a lactone foim of the compound: (Vl-a) and is represiehted by the fomnula (Vl-b): 



20 



25 : 




(Vl-b) 



4. ::XA^ which is derived frorri a microorganism belonging to the genus Bacillus, and has an activity of producing ■ 
30 : compound (VI I i-a) or compound (VI li-b) 

wherein the Qompound(Vil:ay : 



■35.: 



40 




(Vil-a) 



.45 wherein R^'represerits a hydrogen atom, a substituted or unsubstituted alkyi, or an alkali rpetal; , 

: the compound (Vjl-ja) is a lactone fomn of compound (VI I-a) and is represented byithe fonmula (Vllrb): 



50 



55 




(vii-b) 



72 
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the compound (Vlll-a) is a compound represented by the fomnula (Vlll-a): 




(Vlll-a) 



; wherein: has the same definition as the ab 
15 the compound (Vlll-b) is a lactoneJfonn of compound (Vlll-a) and isrepresehted by the formula (VIII -b): 




30 :> .. , ■ ' ■ . ■.; . ■-■ ■ ■, : ■ . ' 

: : 5 protein according to any one of claims 1 to 4; wherein the microorganism belonging to the genus Bacillus \s 
• a microorganism selected from B^ subiilis, B. megaterium, S. iaterqsporus, B. sphaericus, puniilus, B. stearo- 
thermophilus/ B. cereus, B^ badius, B brevis, B. a^^^ 

■35 6. ; The; protein according tb^. a 1 to 5, wherein the microorganism belonging to the gen us. Sac/7/us is a 

micrpprgahism selected fronri a sab^^^^^^ B. megafer/um ATCC1 0778, S, mega reWamATCC1 156^^^^^ 

megater/t/m ATCC134p^ megateHum /^CC^S^77, B, B. megatenum ATeC19213, 

a megafenum IAM1 032, a /ate^^ 
.. .. NRRL B-8029, a 0/ei ATCC6344, : a circulans NTeT-261 0, and a macerans NClMB-9368. 

.40 . , ■ ■ \ _ . - ■■ ' ■ -'.r'---. 

7. Theprotein according to any one of clainrisl to 5, wherein the microorganism belonging to the genus Bacillusls 
' : . a riiicrborganism seject from eac/7/us sp. PERM BP-6029 or Bacillus sp.'FERM BP-6P30. 

8. A proteiri having the amino acid sequence shown by SEQ ID NO: 1; 

45 . ■ -ii-.-Vv '.- ..■ ; ■; ' ■"' ■ Z^' y ' " 

■ 9. ,: A protein which has an.amino acid sequence comprising.deletion, substitution or addition of one or more anriino 
acids in the amino acid sequence shown by SEQ ID NO: 1, and has an activity of producing conipound (ll-a) or 
; corhpound (ll-byfroriri compound (l-a) or compound (l-b). 

50 : : 10. The protein according to claim 9, wherein the protein has the amino acid sequence shown by SEQ ID NO: 42 or45. 

: , , 11. The^p ciairn 9, wherein the compound (I -a) is compound (ll!-a), the conipound (l-b) is compound 

: : v^^^^^^^^^^ the compound (ll-a) is compound (IV-a), and the compound (11-b) is compound (IV-b). 

55 12; The protein according to clalrn 9, wherein the connpound (l-a) is compound (V-a), the compound (l-b) is compound 
. (V-b);:the compound (tl-a)^^^ 



13. The protein according to claim 9, wherein the compound (l-a):is connpound (Vll-a), the corhpound (l-b) Is compound 
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"■ (Vil-b)^ the compound (lira) is compound (Vill-a),^ 

14. An isolated DNA having the nucleotide sequence shown by SEQ ID NO; 2; 

15. An isolated DNA which hybridizes with the DN A according to claim 14 under stringent conditions; and encodes a 
protein haying an activity of producing compound (ll-a) or compound (il-bj from compound (l-a) or compound (j-b): 

16. The DNA according to clairri 15, wherein the DNA has a nucleotide sequence selected from the group c6 hsistihg; 
of the nucleotide sequences/shown by SEQ ID NOS::41 / 43 a^^ 

17. An Isolated DNA encoding the protein according to any one of claims 1 to 12. 

18. The DNA according to claim 15, wherein the compound (l-a) is compound (lll-a), the compound (l-b) is compound ^ ■ 
(ill-b), the cbnnpound (ll-a) is com and.the compound (ll-b) is compound (IV-b). 

19. The DNA according to daim.15, wheirein the compound (l-a) is compound (V-a), the compound (Ub) is compound, 
. V : ■ (V-b), the compound (Ij^ay is compound (Vl-a), and the compound (ll-b) is compound (Vl-b), 

20. the dN A according to claim 1S, wherein the compound (l-a) is compound (Vll-a)ithec6mpound (l-b) is compound 
:- ;(VII-b), the compound (ll-a) js compound (^ and the cbrnpound (ll-b) is compound (Vlll^b), 

21 . A recombinant DNA vector comprising the DNA according to any one of claims 1 4 to 20. 

22. A transfohnant obtained:by introducing the recombinant DMA vector according to claim 21 into a host celL 

23. the transfonriant according to clairti 22, wherein the transfomriaht belongs to a microorganism selected from the ; v 
genera Escherichia, Baciilus, Corynebacterium, and Streptomyces, 

24. The transformant according to claihh 22 or 23j whei-ein the transformant belongs to microorganism selected from 
Escherichia coiii Bacillus subW^^ Bacillus rhe^aterium, Corynebacten'uiv ^lutiniidum, Coryr)ebacten'um ammohi- 
agenes, Coryhebacterium caltuhae knd Streptomyces lividans. ^ 

25. A process for producing compound (ll-a) or compound (ll-b), wherein the transfomnarit according to any one of 
claims 22 to 24, a culture of the transfbrTTiant. or a treated pi-oduct of the cultiii-e is used as ah enzyme source, 
and the process comprises: . 

allowing compound (l-a) or cohipound (l-b) to exist in an aqueous medium; 

al levying compound (ll-a) orcprhpound (ll-b) to be produced arid accumulated in said aqueous; medium; and 

. 26;;;;A process for producing cpmpourid (!V-a):or comp^ound (IV-b), wherein the iransfomriant according to any one of ^ 
: Vclairhs 22 to 24,'a cultu the transfonnant, or a treated product of the culture lis used as an enzyme source, 
and the process cohnp rises: 

. . ./ allowing compound (lli-a) or compound (llirb) to. exte^ 

allowing cbrnpound. (I Vra) or compound (IV-b) to be produced and accumulated in said aqueous medium; and 
collecting compound (I V-a) or compound (IV-b) from said aqueous mediunri; 

27. A process for prbducihg compound (Vl-a) or compound (Vl-b), wherein the ti^ansfomnant according to any oni& of 
claims 22 to 24, a culture of the transfonriant, or a treated product of the culture is used as an enzyme source,.. 

: andthe iDrocess,cpmprisesr;'> ^ 

allowing cbmipound (V-a) or compound (V-b) to .exist in an aqueous mediuni; ; 

allowing compound.(Vi-k) or cortipound (Vl-b) to be produced and accumulated in said aqueous medium; and 

^c^ 

28. A process for producing compound (Vlll-a) or conripound (Vlll-b), wherein the transfpnfriant according to any one 
of clairns 22 to 24, a culture of the transforinaht, or a treated product of the culture is used as an enzyme source, 
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and the process comprises: 

allowing compound (Vll-a) or connppund (Vll-b) to exist in an aqueous me^^ 

, allowing compound (VI ll-a) or compound (Vlli-b) to be produced and accumulated in said aqueous nriedium; 

. ... ... . . . ; ...^ . . . .■; ;■■..^■■::■.. 

collecting compound (Vlll-a) or compound {Vlll-b) frb^ 

29. The process according to claim 25, wherein the compound (iNb) is the compound (il-b) obtained by fdmriing al 
lacton from compound (ll-a). . ' 

30. the process according to clainri 25; vyhereln the compound (l|-a) is the compound (ll-a) olDtained by opening the 
lactone ring of conipound (ll-b): • 

; 31. The process according to claim^26, wherein the cornpound (IV-b) is the compound (IV-b) obtained by forming a 
lacton from compound (IV-aV^>^ - 'i-- 1;''-' >' 

32. The process according to claim 26, wherein the corppound (IV-a) is the compound (IV-a) obtained by opening the : 
lactone ring of compound (IV-b). 

33. The process according :to claim 27, wherein the compound (Vl-b) is the compound (Vl-b) obtained by fonning a;: 
: lacton from compound (Vl-a).^- v ^ : ^ 

34. The process according to claim 27, wherein the compound (Vl-a) is the compound (Vl-a) obtained by opening the 
lactone ring of compound (Vl-b). 

35. the process accoi'dirig to claihi 28, wherein the compound (V! Il-b) is the cohapound (VI Il-b) obtained by forming 
a lacton from compound (VII I-a).' \ 

36. the process according to claim 2B, whei'eiri the compound (Vlli-a) is the compound (Vlll-a) obtained by opening 
the lactone ring of compound (Vlll-b). 

37. The process according to any one of claims 25 to 28, wherein the treated product of the culture of the transformant 
is a treated product selected from cultured cells; treated products such as dried cells, ifreeze-dried cells, cells 
treated with a surfactant, cells treated with an enzyhrie, cells treated by uitrasohication, cells treated by mechanical 

: ; ; milling, cells treated by solvent; a protein f raction of a cell; and ah ihimobilized products of ceils or treated cells. 

: 38. A process for producing a jDrotein, which ;c6mprises culturing the transformant accordinjg to ariy one oif: claims 2^ 
! to 24 in a medium; producing ahd accumulatirig protein according to any one of claims 1 to 12 iri the culture; 
: and collecting said protein from said culture. 

39. Ah oligonucleotide: correspohding to a sequence consisting of 5 to 60 continuous nucleotides in a nucleotide se- 
["'■ iquence seiected from the group cdhsistihg ptthe riuclebtide sequences shown by SEQ ID NOS: 2, 41 , 43 and 44; ' 
or an oligonucleotide corresponding to a connpieriientary sequence :tp 
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